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ABSTRACT 
Viciafaba is an important crop. It makes good hay, silage, pasturage 
and green manure. The seeds are used as vegetable and as ground poultry 
feed. It is also a material of experimental interest due to its availability 
all over the world and easily handable minimum number (2n=12) of large 
recognisable chromosomes. 
The experiments were carried out by treating the seeds with 
6-benzyl aminopurine, caffeine, 8-hydroxy quinoline and diethyl sulphate 
and estimating their effects on germination, seedling and plant growth, 
height and morphology of plants, pollen fertility, yield and meiotic abnor-
malities in Mj, M^ and M3 generations. Few selected mutants have been 
maintained in M^ and M^ generations. The findings are abstracted below. 
(1) The seeds were treated with 20, 30, 40, 50, 60 and 70 ppm 6-BAP 
and 0.25, 0.50, 0.75, 1.0,1.25 and 1.50% concentrations of 
caffeine, 8-hydroxy quinoline and diethyl sulphate. Minimum 
germination was noted in caffeine followed by 6-BAP, DES and 
8-HQ.In general there was linear decrease in germination in the 
increasing doses. Different types of morphological abnormalities were 
observed in seedlings as well as mature plants, such as, unequal, 
notched, thick, leathery, deshaped and fused leaflets; dwarf, weak, 
rudimentary as well as superior seedlings in M^ generation. These 
abnormalities occurred in varying frequencies in all the mutagens. 
Similar abnormalities in addition to newly expressed recessive 
mutations were observed in M^ generation. Some of these characters 
were inherited in M .^ Their frequencies in M^ and M3 generations 
were lower than M^ showing a considerable degree of recovery.The 
highest frequency of variations was found in caffeine followed by 
DES, 6-BAP and 8-HQ. The mutants in M2 and M3 were selected by 
selfing the affected plants in M^ and M^ generations and studying 
them cytomorphologically. 
(2) Average number of leaves and leaflets per plant and average height 
of mature plants decreased with increasing concentrations of 
mutagens. Leaflet ratio (L/B) was least affected. Maximum reduction 
in the number of leaves and leaflets per plant was found in DES in M^ 
generation. Leaflet ratio was found to be a dose independent character 
since it did not follow any increasing or decreasing pattern. The 
number of leaves and leaflets although increased in M^ and M3 
generations, as compared to their respective doses in M ,^ but was 
still lower than control. Maximum decrease in height was found in 
6-BAP followed by DES, caffeine and 8-HQ in Mj 
generation.The height generally decreased in M^ and M3 
generations also as compared to control. Moreover, some mutants 
obtained as a result of segregation in M^ and M3 generations were 
better than control. 
(3) Generally the pollen fertility and average yield was found to decrease 
with increasing concentrations of mutagens in M^ generation, the 
maximum adverse effect being in 8-HQ, followed by DES, 6-BAP 
and caffeine. Morever, some selected mutants in M2 and M3 
generations showed the yield higher than control plants. The seed 
protein content in M3 generation was found to be independent of 
doses. In some mutants it was lower while in some others higher than 
that in control seeds. 
(4) The mutagenic effectiveness calculated in M^ was higher in lower 
doses but decreased in higher doses. The order of effectiveness 
of mutagens was 6-BAP >DES> caffeine>8-HQ. The mutagenic 
efficiency was worked out on the basis of germination inhibition (MP/I) 
and pollen sterility (MP/S) in M .^ The order of efficiency with regard 
to germination was 8-HQ>6-BAP>DES > caffeine, whereas with regard 
to pollen sterility the order was just reverse i.e- caffeine > DBS > 
6-BAP>8-HQ. 
(5) The effect of mutagens on meiotic chromosomes was studied in 
detail. The chiasmata frequency per cell and per bivalent generally 
decreased with increasing concentrations of mutagens at diakinesis 
and metaphase I. The maximum adverse effect on chiasmata frequency 
was observed in 6-BAP treatment in M^. The frequencies of 
multivalents, fragments and stickiness showing cells, at prophase I 
and metaphase I stages, increased in higher concentrations of 
mutagens. Same trend was followed in M^ and M3 generations with 
considerable recovery in chiasmata frequency and other 
abnormalities. 
(6) Seven pairs of chromosomes at diakinesis and metaphase I were found 
in very low frequency in Mj, M^ and M3 generations. The frequencies 
of univalents and precocious separation of chromosomes at metaphasel 
were very low and their occurrence was random in M^. Univalents were 
absent in M^ and M3 generations. Although precocious separation of 
chromosomes persisted in M^ and M^ but the frequency was lower 
than that in Mj generation. 
(7) Bridges and laggards were frequently observed at anaphase I in 
Mj, M2 and M3 generations. They increased with increase in doses, 
but their frequencies in subsequent generations were 
comparatively lower. Unsynchronized and unequal separation of 
chromosomes were seen in very low frequency and did not follow 
any regular pattern, rather they were independent of doses. 
Micronuclei were rarely seen in Mj, M^ and M3 generations. 
(8) The chromosomal abnormalities at meiotic II stages were the 
fragments and stickiness at prophase 11; fragments, stickiness, 
precocious separation and unsynchronized movement of 
chromosomes at metaphase II; bridges, laggards, unequal 
separation and unsynchronized separation of chromosomes at 
anaphase II; laggards, unequal division and micronuclei at telophase II. 
Moreover, the frequency of bridges and laggards at anaphase II 
was quite higher in comparison to other abnormalities recorded at 
meiotic second stages. 
(9) The positive and negative mutants have been isolated in M^ and 
maintained in M3 generation. These mutants exhibited tall and dwarf 
characters, leaf abnormalities, profuse branching, higher or lower 
h 
yield etc. The seed protein content estimated in M^ generation was 
found to be higher in some mutants while in others it was lower than 
control showing the variations in both negative and positive directions. 
It has been concluded that morphological and cytological 
abnormalities observed in F/c/a/a^a, following mutagenic treatments, 
may be due to physiological, biochemical, metabolic and / or genetic 
disturbances caused by the action of mutagens. These abnormalities 
were in both negative and positive directions. Moreover, induced 
variabilities in Vicia faba provided chances for the selection of 
significant number of characters, some of which were certainly 
superior to control populations. 
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INTRODUCTION 
In order to understand how it is possible to improve plants or to 
produce new ones, one must appreciate first how plants vary. In fact, 
no two plants of same crop of a field are exactly alike, although they 
may appear so to the untrained eye. We recognize individual differences 
in plants and animals only as we become well acquainted with them. If 
the variation fluctuates from generation to generation, it is called a 
fluctuating variation. But if a variation continues generation after 
generation, it is called mutation. 
" Mutations are sudden changes in the genotype of an organism" 
They have been employed to improve morphological and physiological 
characters. Although mutations were known to occur in animals and 
plants much before, de Vries in 1901 for the first time used the term 
mutation for the appearance of a new type in evening primrose 
( Oenothera ) plants. He (1901) gave the idea of producing mutations 
artificially for use in plant breeding. Muller (1927) became the first 
known to induce mutation in Drosophila fly using x-rays. For this 
work he received the Nobel prize in 1946. Though Stadler (1928) had 
started working simultaneously on barley and maize and induced 
mutations, he was late in reporting mutation due to longer life cycle of 
these plants compared to Drosophila. 
Gaul (1964) classified the mutations as follows: 
(a) Macromutations (b) Micromutations 
(a) MACROMUTATIONS 
These are large mutations and can be recognized on a single 
plant basis. These are of two types: 
(i) Trans-specific: Mutations which resemble to a different species 
or even family, though these rarely occur, are called trans-specific; 
e.g. the speltoid mutant of cultivated wheat. 
(ii) Intraspecific: The macromutants resemble the same species, for 
example, dwarf mutants of rice and wheat etc. 
(B) MICROMUTATIONS: 
These are mutations with small effects and can be recognized 
only when a group of 30 or more mutant plants are compared with a 
normal one. Micromutants differ with normal plants only quantitatively, 
e.g. mutants with larger or smaller grains or higher yield etc. 
(i) Spontaneous mutations: 
These are naturally occurring mutations. A number of factors 
•such as genetic constitution, physiological conditions, nutrition, 
temperature and naturally occurring mutagens cause spontaneous mutations, 
(ii) Induced mutations: These are induced by using various agents 
called mutagens. The mutagens are of two types: 
(a) Physical mutagens 
(1) Nonionizing-(uv-rays) 
(2) Ionizing (alpha particles, beta particles, neutrons, x-rays and 
gamma rays. 
(b) Chemical mutagens: 
(1) Base analogues: (5-bromouracil, 5-bromodeoxy uridine, 
2-aminopurine & 6-benzyl aminopurine). 
(2) Antibiotics: (azasorine, mitomycine, streptonigrin etc). 
(3) Alkylating agents: (methyl methane sulphonate, ethylmethane 
sulphonate, ethylene imine, sulphur, mustard gas, epoxides etc.) 
(4) Miscellaneous: (hydroxyl amine, nitrous acid, dyes like 
acridines, alkaloids, caffeine, 8-hydroxyquinoline etc.) 
Mutation is the only method by which allelic differences 
between genes can arise. Although generally the mutations have harmful 
effects on organism, the mutation breeding has been used for improving 
both oligogenic as well as polygenic characters. It has been employed 
to improve morphological and physiological characters, disease 
resistance and quantitative characters including yield. 
Brock (1970) considers that induced mutations are as an alternative 
to naturally occurring variations, as the source of germplasm for plants 
improvement programmes and as an alternative to hybridization and 
recombination in plant breeding. 
More than 337 varieties have been produced as a result of 
mutagenesis programmes in different countries of the world (Singh, 1996) 
Mutant varieties have been developed in cereals, oilseeds, pulses, 
millets, vegetables, fruit trees etc, but wheat, barley and rice account 
for about 50% of the mutant varieties in all the crops. 
The first variety developed from a mutagenesis programme was 
primax white mustard {Brassica hirta) released in 1950, followed by 
Regina 11 summer rape {Brassica campestris) in 1953. Both the varieties were 
developed at the Svalof station of the Swedish seed Association (Singh, 1996). 
According to De Candolle, Viciafaba was probably wild in 
south of Caspian and North of Africa some thousands of years ago 
(See Duthie, 1974). It is believed that this bean was cultivated in 
Europe in prehistoric times, where it was probably introduced by the 
western Aryans at the time of their earliest migration. It was taken to 
China later, a century before the Christian era, still later to Japan and 
quite recently into India. It is cultivated in India in Punjab, N.W. 
provinces, Nilgiris upto 1500-1800m. It is an important crop since all 
the commercial vetches make good hay, silage, pasturage and green 
manure and can be used for cover crops. The seeds are used as 
vegetable and as ground poultry feed. 
Attempts to popularize faba bean as a pulse crop for the plain of 
India have met with limited success because of lack of variability in 
the available germplasm. Faba bean is a partially cross pollinated 
crop. The range in cross pollination estimated is from almost complete 
selfing to very high out crossing rates, that is 4-89% (Bond and 
Poulson,1983) 
As a cytogenetic material Viciafaba has the advantage of having 
six pairs of relatively large chromosomes that are excellent for 
assessing chromosomal aberrations. The material is easily available 
and easy to grow and handle, which makes it suitable for the use all 
over the world. Root tips and pollen mother cells of Vicia faba have 
been the most frequently used higher plant material for assessing 
chromosome damage. But the mutation work in this plant is average. 
Realising the importance of Vicia faba mutation breeding work has 
been done which offers a quick way for increasing the variability base. 
At present 6-Benzyl aminopurine,Caffeine, 8-Hydroxy quinoline and 
Diethyl sulphate chemical mutagens have been used in various doses. 
00^'^m% 
MATERIALS AND METHODS 
The certified seeds of Vicia faba variety major were collected 
from I. A.R.I New Delhi and put to treatment in chemical mutagens. Four 
chemical mutagens 6-Benzyl Aminopurine (6-BAP), Caffeine, 8-
Hydroxy quinoline (8-HQ) and Diethyl sulphate (DES) were selected 
and six concentrations of each chemical mutagen were prepared in 
double distilled water (DDW). The concentrations of 6-BAP were 
20,30,40,50, 60 and 70 ppm, while those of caffeine, 8-HQ, DES were 
0.25% ,0.50%, 0.75%, 1.00%, 1.25%, and 1.50%. In each concentration 
(dose) 3 replicates of 100 seeds each were treated for 24 hours. One 
set of seeds was sown in DDW as control. After the treatment the seeds 
were washed with water and sown in well manured sterilized soil. 
2.1. PREPARATION OF CHEMICAL MUTAGENS : 
To make 70 PPM stock solution of 6-BAP, 70 mg of 6-BAP 
was dissolved in minimum quantity of alcohol and diluted in DDW to 
make one litre and then diluted to 20,30,40,'"0 and 60 PPM 
concentrations. Stock solutions (1.5%) of caffeine, 8-HQ and DES 
were prepared in DDW. All solutions were maintained at pH 7 and 
diluted further to 0.25%, 0.50%, 0.75%, 1.00% and 1.25% 
concentrations. 
2.2. SEED GERMINATION i 
Seed germination started on 10 th day after sowing and the 
maximum germination was attained on 36th day. The delaying effect 
of mutagens was recorded on the basis of extra days taken for 
germination in the treated populations as compared to control. The 
percentage of seed germination was counted by the following formula: 
No. of seeds germinated 
Germination % = xlOO 
No. of seeds sown 
2.3. MORPHOLOGICAL VARIATIONS : 
Morphological variations were noted on the basis of visible 
physical characters as compared to control plants in Mj, M^ and M3 
generations. The parameters of morphological variations were habit 
and growth of seedlings and mature plants, size and shape of 
cotyledonary and vegetative leaves, number of leaves and leaflets 
etc. The frequency of variations was calculated by the formula: 
No. of abnormal seedlings 
Frequency of variations(%) = x 100 
No. of seeds germinated 
Height of plants, No. of leaves and leaflets, leaf ratio (L/B) were 
counted at mature stage from the randomly selected 25 plants of each 
replicate of treated populations and compared with control plants in 
MjjMj and M3 generations. 
2.4. POLLEN MORPHOLOGY AND FERTILITY : 
Pollen fertility was counted in control and all treatments from 
fresh pollen samples. Anthers of the randomly selected plants were 
squashed in 1% acetocarmine. Fully stained pollen grains with smooth 
and regular out line were counted as fertile, while unstained, empty, 
shrunken and deshaped pollen grains were counted as sterile. The pollen 
fertility was measured by the following formula : 
No. of fertile pollen grains 
Pollen fertility (%) = xiOO 
Total no. of pollen grains 
2.5. YIELD : 
Yield was calculated at maturity from control as well as 
treated populations in terms of pods/plant, seeds/plant and weight 
of 100 seeds. On the basis of three replicates each replicate containing 
randomly selected 25 plants. The yield was also estimated in selected 
mutants on individual basis. Increase or decrease in yield of treated plants 
were calculated and compared with control. 
2.6. ESTIMATION OF PROTEIN CONTENT IN SEEDS: 
Protein content was estimated in control and the mutants 
isolated in M^  generation. 
2.6.1. Preparation of reagents : 
Six reagents were needed for protein estimation i.e, 
A,B,C,D,E and F. 
Reagent A: Equal quantity of (1:1 ratio) 2% NaCOj and 0.1 N - NaOH 
prepared in DDW. 
Reagent B:- 0.5% CuSo^+1% sodium tartrate in 1:1 ratio prepared in 
DDW. 
Reagent C:- 50 ml of Reagent A + 1ml Reagent B. 
Reagent D:- Reagent B + NaCOj (1:1 ratio). 
Reagent E:- Folin phenol reagent 
Reagent F:- 40gm of NaOH dissolve in 1 litre DDW to make 
1 N-NaOH solution. 
2.6.2. Estimation of protein : 
Protein content in the seeds was estimated following the method 
ofLowryetal. (1951). 
For extraction of soluble and insoluble protein, seed powder was 
kept in an oven at 80°C overnight. Then it was cooled and 50 mg 
sample was transferred to a centrifuge tube with repeated washings 
and volume made upto 5 ml with DDW. The extract was then centrifuged 
at 4,000 rpm for 5 minutes and the supernatant collected for soluble 
protein. 
2.6.3. Estimation of Insoluble Protein : 
To the residue, 5 ml of 5% trichloroacetic acid was added.The 
solution was allowed to stand at room temperature for 30 minutes 
with thorough shakings. It was then centrifuged at 4,000 rpm for 10 
minutes and the supernatant was discarded. 5 ml of 1 N sodium 
hydroxide was added to the residue and mixed well by shaking. The 
residue was allowed to stand in a water bath at 80°C for 30 minutes. 
Then it was cooled and centrifuged at 4,000 rpm. The supernatant, 
together with three washings with 1 N sodium hydroxide, was collected 
in a 25 ml volumetric flask. The volume was made upto the mark with 
1 N sodium hydroxide and was used for the estimation of insoluble 
protein. 
2.6.4. Estimation of Soluble Protein : 
For the estimation of soluble protein, 1 ml of water extract was 
transferred to a 10 ml test tube. 5 ml of reagent C was added. The 
solution was mixed well and allowed to stand for 10 minutes at room 
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temperature. 0.5 ml of reagent E was added rapidly with immediate 
mixing. After 30 minutes, the blue coloured solution was transferred 
to a colorimetric tube and its intensity was measured by reading its 
optical density (O.D) at 660 nm, using a "Spectronic-20" colorimeter. 
A blank was run simultaneously. The soluble protein content was 
estimated by comparing the optical density of each sample with a 
calibration curve plotted by taking known dilutions of a standard 
solution of egg albumin. 
For the estimation of insoluble protein, 1 ml of sodium 
hydroxide extract was transferred to a 10 ml test tube and 5 ml of 
reagent E was added rapidly with immediate mixing. After 30 minutes, 
the intensity of the blue solution was measured at 660 nm using a 
"Spectronic-20" colorimeter. 
2.6.5. Standard for protein : 
40 mg of egg albumin was taken in a 100 ml volumetric 
flask, to which 1-2 ml of O.IN NaOH was added. Rotated the flask 
carefully and placed on a water bath for a short period for heating. 
After the albumin became solubilized the volume of the flask was 
made up to the mark by DDW. Fromthis solution 0.1, 0.2, 0.3 , 0 .4 ,0.5, 
0.6, 0.7,0.8,0.9 and 1.0 ml was pipetted to ten different test tubes. The 
solution in each test tube was diluted to 1 ml by adding 0.9,0.8,0.7 
,0.6,0.5, 0.4,0.3,0.2 ,0.1 and 0.0 ml of double distilled water 
respectively. 
In each test tube 5 ml of reagent C was mixed and allowed 
to stand for 10 minutes at room temperature. 0.5 ml of reagent E was 
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then added rapidly with immediate mixing. The O.D. of the solution 
was read at 660 nm using a " Spectronic-20" colorimeter. A blank was 
also run simultaneously and a calibration curve was plotted. 
The soluble protein content was estimated by comparing the 
optical density of each sample with a calibration curve plotted by 
taking known dilutions of a standard solution of egg albumin. 
2.7. MUTAGENIC EFFECTIVENESS AND EFFICIENCY 
Mutagenic effectiveness is a measure of the frequency of 
mutations induced by unit dose of a mutagen (time x concentration ) 
while mutagenic efficiency represents the proportions of mutagens in 
relation to biological damage. 
The formula suggested by Konzak et al. (1965) was used to 
evaluate mutagenic effectiveness and efficiency of the mutagens in 
Mj generation. 
% of mutated plant progenies (Mp) 
(a) Mutagenic effectiveness = 
Cone, of mutagen ^duration of treat, inhrs. 
% of mutated plant progenies(Mp) 
(b) Mutagenic efficiency = 
Biological damage in Mj generation 
2.7.1. Biological damage : For measuring the biological damage, 
two different criteria were used. 
(i) Inhibition in germination :-
C-T 
% Inhibition in germination = xlOO 
C 
Where C = germination in control 
T = germination in treated seedlings 
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C-T 
(ii) sterility : % Pollen sterility = xlOO 
C 
Where C = Pollen sterility in control 
T = Pollen sterility in treated plants 
2.8. CYTOLOGICAL STUDIES: 
2.8.1. Fixation of flower buds : 
Young flower buds were fixed between 8.00 —10.30 A.M. in 
Carnoy's fluid (6 parts absolute alcohol : 3 parts chloroform : IPart 
acetic acid glacial) for 40-45 minutes or until complete dissolution of 
chlorophyll. Buds were then transferred to propionic acid (saturated with 
ferric acetate) for 24 hrs and then washed and stored in 70% alcohol. 
2.8.2. Preparation of propionocarmine solution : 
A mixture of propionic acid (45cc) and distilled water (55 
cc) was prepared, warmed on hot plate and 0.5g carmine powder was 
dissolved in it to prepare 0.5% propionocarmine solution. 
2.8.3. Squashing and slide preparation : 
Anthers were squashed in 0.5%) propionocarmine, dehydrated 
in NBA series, mounted in Canada balsam and kept in incubator at 
45" —50" C temperature for 3-5 days. Photomicrographs were taken 
from temporary as well as permanent sildes at the magnification of 1000 X 
(lOX X lOOX). 
2.8.4. Meiotic studies : 
Meiotic studies were made in 25 cells of control and treated 
populations of plants. The abnormalities were recorded on the basis of 
variations in stmcture and behaviour of chromosomes. Deviation from normal 
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chromosomal behaviour was considered as an abnormality like 
chiasmata frequency, univalents, multivalents, precocious separation, 
laggards, bridges, stickiness, fragments etc. 
2.9. STATISTICAL ANALYSIS 
2.9. L Experimental design : 
Simple randomised block design was adopted in Mj,M2 and 
Mj generations with three replicates of 100 plants each. 
2.9.2. Mean : 
It is a measure of central tendency of distribution and defined 
as the sum of all individual observations divided by the number of 
observations. 
_ ^X 
Mean X = 
n 
Where, X = individual readings 
n = total no. of readings 
2.9.3. Standard deviation (S.D): 
It is positive square root of the average of sum of squares 
of deviations of all observations from their means. It is calculated by 
the following formula. 
{x-xfHx-xy (x„-x)^ 
S.D. 
N 
Where, N = No. of observations 
X = mean of observations 
X, X = individual observations 
1 n 
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2.9.4. Coefficient of variations (C.V.) : 
It measures the relative magnitude of variations present in 
observations relative to the magnitude of their arithmetic mean. It is 
defined as the ratio of standard deviation to arithmetic mean expressed 
as a percentage. 
S.D. 
C.V. = X 100 
Mean 
Smaller the C.V. more consistent or less variable is the data and vice-
versa. 
2.9.5. Critical difference (CD.) : 
Critical difference was computed by following the standard 
procedure laid down by Gomez and Gomez (1984). The "F" test was 
applied to assist the significance of the data at 1% and 5% level of 
probability. The error due to replicates was determined. Critical 
difference (CD.) was also calculated using the following formula. 
Standard Errorx2 
CD. - / X t value at 1% or 5% level. 
Replicates 
^f^mi 
^^m^ 
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REVIEW OF LITERATURE 
Mutation in a broad sense includes all those heritable changes 
which alter the phenotype of an individual. It is a very valuable 
approach to plant breeding as far improving the characters, changing 
the basic genotype and shortening the normal life cycle of a variety 
are concerned. 
Gager (1908) applied x-rays for the induction of mutation in 
vegetative cells. Morgan (1911) observed spontaneous mutation in 
Drosophila. Nilsson Ehle (1914) suggested the possibilities of inducing 
mutations in a study of acclimatization of plant species. Goodspeed 
(1929) induced mutation in Datura and Nicotiana. 
The discovery of chemical mutagens during the world war 
second was another achievement in the history of induced mutations. 
So the use of chemical mutagens is recent in origin. Chemical 
mutagenesis for the first time was tried by Schiemann (1912) on 
Aspergillus niger. Auerbach and Robson (1942) induced gene mutation 
in Drosophila melanogaster after using mustard gas. Oehlkers (1943) 
studied the induction of chromosomal translocation in Oenothera 
lamarckiana by urethane. 
A considerable amount of mutagenic work has been done by 
physical and chemical mutagens on Viciafaba inducing morphological 
as well as cytological abnormalities. Cases of reduced seed germination 
in Viciafaba have been reported by Vandana and Dubey (1988) by the 
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treatment of ethyl methane sulphonate and diethyl sulphate; Ashour 
and Abdou (1990) by the herbicides igran, topogard and iptam; Kumar 
et al. (1993) by the diethyl sulphate and gamma rays. Similar results 
of reduction in seed germination were reported in other plants, such as 
in Chloris gayana by gamma rays (Krishna et «/.,1984), in cucumber 
by alachlor and metalachlor (Sloan and Camper, 1986), in Salvia sclarea 
by the treatment of chromium (Corradi et al, 1993), in Ammi majus by 
EMS (Ansari and Siddiqui, 1995), in Glycine max L. by gamma rays 
(Mehetre and Mahajan, 1996), in Oriza sativa L. by the effect of Pb^ "^  
and Hg^ ^ (Mishra and Chouduri, 1997), in Trigonella foenum by 
caffeine (Anis and Wani, 1997) and in Lens culinaris by gamma rays 
(Verma et al., 1999). 
:/- Adversely affected seedling growth and height were reported 
in Viciafaba by Vandana and Dubey (1988) by the combined treatment 
of EMS and DES; Kash (1988) by acriflavin and DES; Ashour and 
Abdou (1990) by the igran, topogard and eptam; Vandana (1992) by 
DES and EMS, and Kumar et al. (1993) by gamma rays and DES. 
Cheng and Gao (1988) observed the reduction in height in barley by 
combined treatment of gamma rays, sodium azide and EMS; Murray 
and Wilson (1991) mMedicago truncatula by the effect of SO^; Corradi 
et al. (1993) in Salvia sclarea by the chromium; Ansari and Siddiqui, 
(1995) in Ammi majus by EMS; Mehetre and Mahajan (1996) in Glycine 
max L. by the gamma rays, and Verma et al. (1999) in Lens culinaris 
by gamma rays. 
Reduction in the number of branches were also observed in 
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Vicia faba by Vandana and Dubey (1988) by the treatment of EMS 
and DES; Kash (1988) by Acriflavin and gamma rays; Vandana (1992) 
by DES and EMS and Kumar et al. (1993) by DES and Gamma rays. 
Adverse effect of mutagens on number of leaves, leaf area 
and colour of leaves have been reported in Vicia faba. Some of these 
are: the reduction in the number of leaves by the treatment of EMS and 
DES (Vandana and Dubey, 1988) and variation in shape and size of 
leaflets in addition to the reduction in the leaf number by DES and 
EMS (Vandana, 1992). Chlorophyll mutations were induced by DES 
and EMS (Vishnoi and Gupta, 1980), by gamma rays and EMS 
(Filippetti and Pace-c-de, 1986) and DES and EMS (Vandana, 1992). 
Moreover, in Eucalyptus tereticornis, the reduction in leaf surface 
area was reported by joint action of SOj and hydrogen fluoride (Murray 
and Wilson, 1988). 
Reduction in pollen fertility by gamma rays have been 
recorded by Krishna et al. (1984) in Chloris gay ana, by Dutta et al. 
(1986) in Arachis hypogaea; Ansari and Siddiqui (1995) in Ammi 
majus; Animugam et al. (1997) in barley and Mitra & Bhowmik (1998) 
in Nigella sativa. Vandana and Dubey (1988) using DES and EMS and 
Kumar et al. (1993) using gamma rays and DES have induced the 
reduction in pollen fertility in Vicia faba. 
Remarkable loss in yield has been experienced in Vicia faba 
by Kash (1988) in terms of reduced number of pods, seeds and weight 
of seeds per plant by the treatment of acriflavin and gamma rays. Similarly 
Vandana and Dubey (1988) using EMS & DES and Kumar et al. (1993) 
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using gamma rays and DES obtained the same result. Temple (1990) 
observed yield loss in Lycopersicon esculentum by the exposure to 
ozone and Verma et al. (1999) also reported the same result in Lens 
culinaris by gamma rays. 
Meagre amount of work on nutritional value of Vicia faba 
particularly on protein have been done. Vicia faba protein consists of 
two globulins (legumin and vicilin) and one albumin (legumelin)and 
two minor proteases. Legumin is major protein of broad bean. Many 
workers have reported that total plant yield and protein content of the 
seeds are almost negatively correlated. The protein content was not 
necessariljincreased if yield was increased (Blixt, 1979;Hartwig,1979). 
Variations in protein content by mutagenic treatment was reported by 
Ignacimuthu and Babu (1989) in urd and mung bean and Gottschalk 
and Wolff (1983) in Pisum . 
A lot of work have been done on root tip cells of Vicia faba. 
Spindle disturbances and bridge formation were caused by herbicide 
tribunil (Mansour, 1984), terbutryn (Badr, 1986), chlorosulfuron (Badr 
and Ibrahim, 1987), and by combination of some herbicides (Micieta, 
1987). Moreover, spindle disturbances and formation of binucleate 
cells were observed by Ashour and Abdou (1990) with igran, topogard 
and eptam treatments. The cases of chromatid aberrations induced by 
triethylene melamine and black pepper (Michaelis et a/., 1988; 
Abraham and Annie. 1989),chromosomal aberrations by benzyl 
phenyl ureg (Abdel Rahman and Ragab.1989), chromosomal 
aberrations and sister chromatid exchange by effect of 
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gamma rays (Kuglik et al., 1989), chromosomal damage by benzo 
alfapyrene, 2-amino fluorene and cyclophosphamide (Kanaya,1990), 
chromosomal aberrations by gamma rays (Kuglik ^al., 1990), by the 
combined treatment of maleic hydrazide (MH) and triethylene melamine 
(TEM) (Rieger and Michaelis, 1992) and disturbed mitosis by 
insecticide Temic 15G (Ghareeb and George, 1997) are some of the 
important studies in mitotic chromosomes. 
The occurrence of micronuclei in root meristems of Vicia 
faba have been reported by the treatment of gamma rays (Diehl and 
Bianchi, 1982; Soran et al., 1982; Kuglik et al, 1990), x-rays (Rizzoni 
et al., 1987), heavy metals (cadmium and chromiun^(De-Marco et al., 
1988), magnesium sulphate (Abraham and Nair, 1989), herbicides 
atrazine, glycophosphate and maleic hydrazide (De-Marco et al., 1992), 
DES and EMS (Vandana, 1993) and temic 15g (Decarb) (Ghareeb and 
George, 1997). The reports of multipolar telophase 1 are also available 
in Vicia faba (El-Zoka and Mohamed, 1989; Vandana et al. , 1996) 
and Allium cepa (Abraham, 1997).Micronuclei were also observed at 
telophase II of meiosis by mutagenic treatments by different scientists 
such as Dixit and Dubey (1986) in Lens culinaris; Amer and Farah 
(1987) in Vicia faba; Jayabalan and Rao (1987) in Lycopersicon 
esculentum ; Lakshmi et al. (1988) in Capsicum annuum and 
Ignacimuthu & Babu (1989) in Vigna radiata and Vigna mungo. 
Different stages of meiosis have also been reported to be 
disturbed by the mutagenic treatment. Vandana (1996) reported 
multivalent formation in Vicia faba by EMS and DES and Afaq et al. (1998) 
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by 6-BAP treatments in Vicia faba. Fragments have been reported by 
the treatment of trichloro acetic acid and monochloro acetic acid (Amer 
and Ah, 1980), gamma isomer (Amer and Mikhael, 1988) in Vicia 
faba.Oihtx mutagens such as muriate of potash in Allium cepa 
(Abraham, 1997); caffeinein Trigonella (Anis and Wani, 1997); 6-BAP 
in Vicia faba (Afaq et al., 1998); gamma rays, EMS and ECH in Vigna 
radiata (Singh et al., 1999) have induced fragmentation in the 
chromosomes. 
Laggards and stickiness in Vicia faba were observed 
by Amer and Ali (1980) by TCA and MCA, Shehab (1985) by Vinka 
alkaloid, El-Zoka and Mohamed (1989) by herbicides igran and 
topogard, Vandana (1996) by DES and EMS, Ghareeb and George (1997) 
by insecticide temic 15G (Decarb) and Afaq et a/.(1998) by 6-BAP. 
Several other workers have also observed stickiness and laggards by 
the treatment of different mutagens such as Al-Najjar and Soliman 
(1982) in wheat; Reddy and Rao (1982) and Lakshmi et al. (1988) in 
chilli; Ragab and Rahem (1989) in Zea mays; Zeerak in (1992) in 
tomato; Ahmad (1993) in Cicer; Anis and Wani (1997) in Trigonella 
and Verma et al. (1999) in Lens culinaris. 
Bridge formation at anaphase in Vicia faba were noted by 
Shehab (1985) by vinka alkaloid, Amer and Mikhael (1988) by gamma 
isomers, El-Zoka and Mohamed (1989) by igran andTopogard, Vandana 
(1996) by DES and EMS and Ghareeb and George (1997) by temic 
15G treatments. Bridge formation was also seen by several workers in 
other plants by the treatment of different mutagens such as Reddi and 
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Reddi (1985) in rice, Kaur and Grover (1985) in barley. Dixit and 
Dubey (1986) in Lentil, Jayabalan and Rao (1987) in tomato, Lakshmi 
et al. (1988) in chilli. Das and Roy (1989) in Solarium, Ahmad (1993) 
in Cicer and Anis & Wani (1997) in Trigonella. 
Some other workers have also reported various meiotic 
abnormalities in Vicia faba, such as, Amer et al. (1987) by insecticide 
cypermethrin, Badr et al. (1987) by herbicide terbuthrin, Amer and 
Ali (1989) by dichlorovos, Popa and Zakrzhevskaya (1991) by nitrogen 
mustard, thiophosphamide (thiotepa and basudin (diazinon), and 
Kumari and Sinha (1996) by physical and physico chemical mutagens. 
6-BENZYL AMINOPURINE (C^jH^Nj): 
6-Benzyl aminopurine (6-BAP) is a cytokinin. Its structure 
is as follow: 
(^ ^—CH,NH 
6-BAP has generally been used as a hormone. Very less work has 
been done on it as a mutant, although aminopurine group of this 
compound takes part in mutation. Aminopurine group can pair with 
thymine (T) by two hydrogen bonds and with cytosine (C) by a single 
bond. The pairing involving two bonds is more common, since in the 
other case nitrogen (N) in aminopurine and nitrogen (N) in cytosine 
(C) repel each other and cause their separation. Incorporation of AP at 
the place of guanine (G) to give AP— C base pair will cause mutation 
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in subsequent generations. Similarly a mistake in replication after 
incorporation of AP leading to the formation of AP—T base pair may 
lead to a mutation. Aminopurine thus induces transitions in both 
directions. 
CAFFEINE (C,H,„N^Oj):-
^'fh'' 
1 N 
CH3 
Caffeine is found in both coffee and tea, and so a great 
number of people are exposed to various doses of caffeine. It acts as 
a stimulant for the central nervous, respiratory and cardiac systems. 
Because of purine nature it has a mutagenic potential. The ability of 
caffeine to potentiate the lethal mutagenic and chromosome breaking 
effects, has attracted particular attention. 
The mutagenic effect of caffeine was detected by Fries and 
Kihlman (1948) on Ophiostoma multiannulatum . The chromosome 
breaking effect of caffeine was demonstrated in plant by Kihlman and 
Levan (1949). According to Whlman (1952,1961) and Kihlman & 
Odmark (1965) it affects mainly during mitosis and the G^ period of 
interphase. Later Kihlman (1966) reported that subchromatid and 
chromatid exchange types of aberrations predominate. According to 
Ostertag (1966) caffeine-induced breakage is realised only during the 
DNA synthesis. 
Loprieno et a/.(1973) investigated that caffeine reduces the 
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frequency of single crossover and strongly decreases the probability 
of second crossover near centromere. According to Kihlman et al. 
(1973) caffeine increases the chromosomal aberrations induced by a 
variety of mono- and poly functional alkylating agents in Viciafaha. 
Kihlman (1974) demonstrated that caffeine inhibits post replication 
repair of DNA damage, potentiates chromosome damage and 
reproductive death. 
8-HYDROXYQUINOLINE (C,H,NO): 
8-HQ is generally used as a fungistat. It also causes damage 
in the structure of DNA, so it can act as a mutagen. 
DIETHYL SULPHATE I(CjH50)jS0J : 
Diethyl Sulphate(DES)is an alkylating agentRapoport (1947) 
studied the mutagenic effect of DES in Drosophila and postulated 
that ethylation is a mutation inducing process. There after DES has 
been largely used as a plant mutagen. In plants the chlorophyll mutations 
with DES were first reported in barley (Heslot and Ferrarey, 1958). In 
general, alkylating agents primarily induce chromatid type aberrations 
(Revel, 1953; Ockey, 1960; kihlman, 1961; Evans and Scott, 1964; 
Heiner, 1971). Moreover, Buiatti and Ronchi (1963) suggested the 
possibility that the delayed appearance of abnormalities may not be 
due to a low sensitivity of Gj cells, but due to a mutagen induced 
mitotic delay. 
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OBSERVATIONS 
The mutagenic effects of 6-benzyl aminopurine, caffeine, 
8-hydroxy quinoline and diethyl sulphate were studied on morphology 
as well as cytology of Vicia faha. Different parameters, such as seed 
germination, frequency of variations, height of mature plants, number 
of leaves, number of leaflets per plant, leaflet ratio (L/B), stomatal 
index, pollen fertility, yield etc., for morphological study and chiasmata 
frequency, univalents, multivalents, fragments, bridges ,laggards, 
unequal separation etc., for cytological study were taken into account 
in MpM^and M3 generations. Variants were selected from the treated 
populations on the basis of their cytomorphological changes in Mj,they 
were selfed and the seeds so obtained sown in Mj ,wherein the selected 
mutants were studied in detail. 
Selected mutants of Mj were grown in M3 generation 
separately. Besides, the general treated populations were sown to study 
the segregation, if any. A set of untreated seeds was also sown as 
control. The data were analysed statistically. 
4.1. MORPHOLOGICAL STUDIES IN M^ GENERATION: 
4.1.L Seed germination: 
Seed germination was counted from 6 to 25 days after sowing 
till the maximum germinations in control as well as treated seeds were 
attained. 
Percentage of seed germination decreased with increasing 
concentrations of all mutagens. It decreased from 92%( control) to 
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32% in 70 ppm 6-BAP, 25% in 1.50% caffeine, 54% in 1.50% 8-HQ 
and 37% in 1.50% DES concentrations (Tables 1- 4, Graph-1). 
4.1.2. Frequency of variations at seedling stage : 
Frequency of variations at seedling stage was found to 
increase from lower to higher concentrations. In control the variation 
was nil (0.0%) whereas, it increased to 44, 69.33, 32 and 58.65% in 
70 ppm 6-BAP, 1.50% caffeine, 1.50% 8-HQ and 1.50% DES 
respectively (Tables: 1- 4, Graph-2). 
4.1.3. Types of variations at seedling stage : 
Pinnately compound leaves in control seedlings had 2— 4 
leaflets which were obovate, entire, acute and smooth (Fig. I-l). 
Different types of morphological variations have been recorded in 
treated populations, such as incomplete fusion of two leaflets forming 
a heart like shape with slight notching in 30 ppm 6-BAP (Fig.I-2). One 
seedling in 40 ppm 6-BAP showed the shifting of both leaflets to one 
side and each formed heart shape structure (Fig. 1-3a) and in other 
seedling the leaflets were rudimentary, thick and leathery (Fig. I-3b). 
In 60 ppm, in some seedlings the upper younger leaflets were bigger 
and broader than older lower ones (Fig.I-4a), while in other seedling 
the leaflets were smaller, thicker and leathery (Fig.l-4b). 
In 0.50% caffeine, the younger leaflets were normal but older 
ones smaller and thicker with curved margins (Fig. 1-5). In higher 
concentration (1.25% caffeine) all seedlings showed stunted growth 
bearing small, dark green and thick leaflets. The margins of lower 
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leaflets were curved (Fig. 1-6). 
Thick, leathery, small leaves and stunted growth of seedlings 
occurred in 0.25% 8-HQ treatment also (Fig. 1-7). In 0.75% 8-HQ the 
seedlings with normal growth showed round and deeply notched (Fig.I-
8a,b) and broader, varied size, thick, leathery and dark green leaflets 
(Fig.I-9). In still higher concentrations (1.0-1.50% 8-HQ) the leaf 
variations were similar but the frequency was higher. 
No leaf variations could be observed in 0.25— 0.75% DES. In 
1.00% DES the seedlings exhibited stunted growth with very small, 
obovate, thick and notched leaflets (Fig. I-10a,b), while in other 
seedlings the leaflets were round (Fig.I-lOc). 1.25% DES caused 
comparatively more retardation in growth and size of leaflets. Moreover, 
the leaflets showed curved margins (Fig.I-11). The growth further 
decreased in 1.50% DES along with reduction in the size of seedlings 
and leaflets (Fig. 1-12) 
4.1.4. Height of mature plants : 
Average height of mature plants generally decreased with 
increasing concentrations of mutagens. The average height reduced 
gradually from 38.0 cm. in control to 16.66 cm. in 70 ppm 6-BAP, 
20.33 cm. in 1.50% caffeine, 21.33 cm. in 1.50% 8-HQ and 17.0 cm. 
in 1.50% DES (Tables: 1- 4, Graph-3). 
The coefficient of variations was minimum (2.15%) in control 
as compared to the treated heterogenous populations in which the C. V. 
followed the randomly increasing trend (Tables : l -4 ) . In 0.25 and 
0.50% caffeine and 0.25- 0.75% 8-HQ the height decreased to 5% 
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level of significance, whereas, in still higher concentrations of caffeine 
& 8-HQ and in all the concentrations of 6-BAP and DES it decreased 
to 1.0% level of significance. 
4.1.5. Leaf morphology in mature plants : 
Variations in leaf morphology were observed in Viciafaba , 
by the treatment, at mature stage also. In control plants the leaves 
were pinnately compound and the leaflets were obovate, smooth, entire, 
acute (Fig.II-1). In 20 ppm 6-BAP the plants had slightly unequal, 
smaller, obovate or lanceolate, acute or obtuse leaflets (Figs. 11-2,3,4). 
In addition to unequal leaflets, the triangular shape,wavy margin with 
truncate or lobed apices (Figs. 11-5,7) and entire margin with acute 
apex (Fig.II-6) were noted in 30 ppm 6-BAP. In 40 ppm treatment the 
variants had smaller, unequal, deshaped,lanceolate or ovate, notched 
or entire, acute or obtuse leaflets (Figs.II-8—11). Obovate, oblong, 
unequal,deshaped, notched and smaller leaflets could be observed in 
50 ppm (Figs. 11-12—14). Unequal leaves with obtuse or notched apices 
were common in 60 ppm (Figs.II-15—17), while in 70 ppm the leaflets 
were highly reduced in size, round,deshaped and in few plants these 
were rudimentary and lanceolate also (Figs. 11-18—20). 
The leaflets were normal in control (Figs.Ill-1,2), but caffeine 
affected the shape and size of leaflets. In 0.25% concentration the 
leaflets were generally small and lanceolate (Figs.III-3—5) with 
occasional occurrence of obovate and notched apex (Fig.III-4). In 0.50% 
caffeine the obovate leaves having acute or obtuse apices were frequent 
(Figs. III-6-8), whereas the frequency of lanceolate leaflets (Fig.III-9) 
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was very low. Still more variations occurred in 0.75% caffeine in 
which the leaflets were lanceolate or obovate but their margins were 
wavy, entire or incised and the apices acute, obtuse or lobed (Figs.III-10—12). 
In 1.00% concentration there was addition of linear leaves (Figs.Ill-13). 
Unexpectedly the size of leaflets increased significantly in 1.25% 
caffeine, wherein the shapes were generally obovate, oblong having 
wavy margins and acute apices (Figs.III-16-18). In 1.50% treatment 
the leaflets were thin, deshaped, notched with wavy and curved margin 
and obovate or lanceolate shapes and more or less acute apices (Figs.III-
19 -22). 
The variations induced by 8-hydroxyquinoline were 
deshaping, incision on margins and apices, change of shape to 
lanceolate and reduction of one leaflet of younger pair to stipel in 
0.25% 8-HQ (Figs.IV-2-4) and highly reduced crippled leaflets, 
obtuse or lobed apex in 0.50% 8-HQ (Figs. IV-5—7). Wavy margins, 
,obovate or lanceolate shaped and presence or absence of stipel,were 
observed in 0.75% concentration (Figs. IV-8,9). The leaflets broader 
than control, lanceolate, deshaped with curved margin and modified 
acute or obtuse apices in 1.00% treatment (Figs.IV-10—12), 
imparipinnate, very small, deshaped, stipel and unequal laeflets in 
1.25% concentration (Figs.IV-13—15) and deshaped, unequal, 
truncate,ovate,obovate and/or lanceolate, thin small leaflets in 1.50% 
8-HQ (Figs. IV-16—18) were very common. 
The variations in shape, size, margin and apex were induced 
by DES also, in comparision to control (Fig.V-1). Lanceolate, bigger 
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and broader leaflets with wavy margin, acute/mucronate apices in 
0.25% concentration (Figs. V-2,3), obovate, small, unequal, notched 
and deshaped leaflets in 0.50% concentration (Figs.V-4-6), reduced 
size, unequal, linear, lanceolate leaflets with acute or obtuse apices in 
0.75% DES (Figs.V-7-^), paripinnate as well as imparipinnate, 
deshaped or lanceolate leaflets with or without stipel in 1.00% DES 
(Figs.V-10,11), obovate, small, unequal, deshaped leaflets with notched 
or obtuse apices in 1.25% DES (Figs.V-12—14) and paripinnate, small, 
lanceolate and obovate leaflets in 1.50% concentration of DES (Fig. V- 15,16) 
had been observed. 
4.1.6. Number of leaves per plant: 
Vicia faba bears paripinnately compound leaves and the 
number of pinnae (leaflets) per leaf usually rangesbetween 2—8. The 
average number of leaves in control was 39.50 per plant whereas it 
decreased gradually with the increasing concentrations of mutagens to 
15.33 in 70ppm 6-BAP, 15.50 in 1.50% caffeine, 13.33 in 1.50% 
8-HQ and 13.50 in 1.50% DES respectively (Tables: 1-4 ,Graph-4). 
The C. V. did not follow any definite trend, rather it increased 
randomly in higher concentrations. 
The number of leaves per plant reduced to 5% level of 
significance in 20 ppm 6-BAP, while in 30—70 ppm 6-BAP and in all 
concentrations of caffeine, 8-H.Q. and DES the number of leaves per 
plant reduced to 1.0% level of significance. 
4.1.7 Number of leaflets per p lant : 
Similar to leaves, the number of leaflets per plant also 
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decreased linearly from 124.0 in control to 48.33 ij 70 ppm 6-BAP, 
47.33 in 1.50% caffeine, 49.66 in 1.50% 8-HQ and 42.66 in 1.50% 
DES (Tables: 1-4, Graph-5). 
In 6-BAP the C.V. was generally equal to or lower than 
control except in 20 ppm and 70 ppm wherein they were comparatively 
higher. In caffeine the number of leaflets was stable. In 8-HQ and DES 
the distribution of leaflets was more haphazard. The decrease was 
significant at 1.0% level in all the treatments of 6-BAP, caffeine, 8-HQ 
and DES(Tables: 1-4). 
4.1.8. Leaflet ratio(L/B) : 
Generally the leaflet ratio (L/B) did not follow any definite 
trend in most of the treatments. In control the ratio was 2.44 per leaflet, 
whereas it decreased randomly from 3.05 — 1.86 in 20—70 ppm 6-BAP 
concentrations respectively (Table: 1). It increased from 1.85—2.61 in 
0.25 — 1.25% caffeine and then decreased to 2.0 in 1.50%) caffeine 
(Table' 2). Similar trend was followed by 8-HQ in which the leaflet 
ratio increased randomly from 2.12 in 0.25% concentration to 2.20 in 
1.0% 8-HQ and then decreased to 2.13 and 2.12 in 1.25% and 1.50%) 
concentrations respectively (Table :3). In DES the leaflet ratio 2.99 in 
0.25% cone, was higher than that of control (2.44) and then decreased 
randomly to 2.12,1.88,2.24,1.98 and 1.83per leaflet in 0. 50 ,0.75 , 
1.0,1.25 and 1.50% concentrations respectively . (Table:4, Graph-6). 
The C.V. exhibited that their mean values did not show much 
variations m 6-BAP, caffeine,8-HQ and DES except i 1.0% and 1.25%) 
caffeine, 0.75% 8-HQ and 0.75% DES concentrations where in they 
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were comparatively higher. Change in the leaflet ratio was significant 
at 5% level in 50 ppm 6-BAP, 0.25% caffeine, 0.75% of 8-HQ, 
0.25,0.75, and 1.50% DES concentrations and significant at 1.0% level 
in 20,30,60,70 ppm 6-BAP, whereas insignificant in 40 ppm 6-BAP; 
0.50%-- 1.50% caffeine;0.25,1.0,1.25,1.50% 8-HQ; 0.50,1.0 and 
1.25% concentrations of DES (Tables : l - 4 ) . 
4.1.9. Yield: 
The yield is very important factor in mutation breeding. It 
was calculated on the basis of three parameters: no. of pods per plant, 
no. of seeds per plant and weight per hundred seeds. 
4.1.9.1. Number of pods per plant: 
Due to toxic effect of chemical mutagens the yield decreased 
in most of the treatments in Mj generation. Normally the average no. 
of pods in control was 15.86 but in 6-BAP it decreased from 12.45- 8.12 
pods per plant (in 20 —70 ppm), in caffeine from l3.60--7.98 
(0.25 - 1.50% cone), in 8-HQ from 12.38 -4.70(0.25-1.50% cone.) 
and in DES from 10.18 - 5 . 6 1 (0.25 - 1.50% cone.) (Tables: 1 -
4,Graph-7). 
This character did not show much intra-population deviations 
from their mean values as exhibited by low C.V. in all the treatments. 
The decrease in yield was significant at 1.0% level in 20 —70 ppm 
6-BAP and 0.25- 1.50% concentration of caffeine, 8-HQ and DES 
(Tables: 1-4). 
4.1.9.2. Number of seeds per plant : 
Normally the average no. of seeds in control was 41.22 per 
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plant but it decreased in most of the treatments in M, generation from 
31.52 -18.86 in 20 - 7 0 ppm 6-BAP, 32.45 - 19.78 in 0.25 - 1.50% 
caffeine, 29.80 - 11.41 in 0.25 - 1.50% 8-HQ and 27.29 - 13.38 in 
0.25 - 1.50% DES (Tables : l-4,Graph-8). 
It was also a constant character because C.V. in all the 
treatments were very low. The decrease in number of seeds per plant 
was significant at 1.0% level in 20 - 70ppm 6-BAP, 0 .25- 1.50% 
caffeine, 0.25- 1.50% 8-HQ and 0.25- 1.50% DES (Tables: 1-4). 
4.1.9.3. Weight per 100 seeds: 
Average weight of 100 seeds in control was 24.49 gms. It 
decreased in all the concentrations of mutagens in Mj generation from 
23.08-14.24 gms. in 20-70 ppm 6-BAP, 22.80-13.40 gms. in 0.25-1.50% 
caffeine, 23.67 -16.41 gms. in 0.25- 1.50% 8-HQ and 22.70- 16.24 
gms. in 0.25-1.50% DES respectively (Tables: l-4,Graph- 9). 
The low C.V. in most of the treatments showed that in each 
case the size of seeds was uniform except in 1.50% DES in which high 
C.V. exhibited more variations in seed size. 
The decrease in weight of 100 seeds was insignificant in 20 
ppm 6-BAP and 0.25% 8-HQ, while significant at 5% level in 0.25% 
caffeine, 0. 50% 8-HQ, 0.25&0.50% DES and significant at 1.0% 
level in 30-70 ppm 6-BAP, 0.50-1.50% caffeine, 0.75-1.50% 8-HQ 
and 0.75- 1.50% DES (Tables: 1-4). 
4.1.10. Pollen fertility/sterility: 
Pollen fertility is also an important parameter in mutation 
breeding. Generally the average percentage of pollen fertility in control 
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was 95.33, but it decreased in most of the treatments in Mj generation, 
that is, from 88.66-68.26% in 20-70 ppm 6-BAP, 90.80-73.33% in 
0.25-1.50% caffeine, 88.53-57.60% in 0.25-1.50% 8-HQ and 89.06 
-65.20% in 0.25-1.50% DES (Tables: 1-4,Graph-10). 
4.2. MEIOTIC STUDIES IN M, GENERATION: 
Meiotic studies are important phenomena to estimate the 
potency of mutagens on the parameters of structural and numerical 
changes in chromosomes. Structural and numerical rearrangements can 
be achieved through mutagenesis to create new recombinations, which 
are rarely obtained spontaneously or by conventional methods. 
Vicia faba has six bivalents (2n=12), which are big, 
recognizable and easy to handle. The investigation was confined mainly 
to the structural changes in chromosomes. The parameters of meiotic 
studies were the chiasmata frequency, univalents, multivalents, 
fragments, laggards, bridges, stickiness, precocious separation, 
unsynchronized separation and various other chromosomal aberrations. 
In control plants the diakinesis (prophase 1) showed generally 
more than two chiasmata per bivalent. At metaphase I all six bivalents 
were normally arranged at equator, followed by the separation of six 
individual chromosomes to their respective poles at anaphase I (Figs. 
VI-1—3). Telophase I represented two groups of chromosomes enclosed 
in nuclear envelopes, prophase II (Fig.VI-4) and other second meiotic 
stages in control were generally normal. 
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4.2.1. Chromosomal abnormalities at prophase I : 
4.2.1.1. Chiasmata frequency per cell : 
The chiasmata frequency being a genetically controlled 
character, did not vary unless the plants were subjected to mutagenic 
treatments.In control plants the chiasmata frequency was 18.56 per cell 
but decreased in treated populations from 17.80 — 15.32 per cell in 
20-70 ppm 6-BAP, 18.32 - 16.92 per cell in 0.25- 1.50 % caffeine, 
18.28 - 17.80 per cell in 0.25 - 1.50% 8-HQ and 18.44- 17.92 per 
cell in 0.25 - 1.50% DES (Tables: 5-8). The evidences of reduction 
in chiasmata frequency due to induced heterology in the otherwise 
homologous pairs have been observed in 1.0% caffeine (Fig.VII-4) 
and 1.0% 8-HQ (Fig. VIIl-2) treatments. 
4.2.1.2. Chiasmata frequency per bivalent : 
The chiasmata frequency per bivalent in control was 3.09. It 
reduced from 2.96 - 2.55 per bivalent, 3.05 -2.82 per bivalent, 3.04-2.97 
per bivalent and 3.06 —2.98 per bivalent as the concentrations of 6-
BAP increased from 20 — 70 ppm and that of caffeine, 8-HQ and DES 
from 0.25- 1.50% respectively (Tables: 5 - 8 ) . 
Low percentage of C.V. exhibits the stability of characters, 
that is, low variability within the population. Moreover, these were 
insignificantly higher in treated populations. 
4.2.1.3. Multivalents : 
Mainly the tetravalents (quadrivalents) were observed at 
prophase I as well as mataphase I stages. At diakinesis the tetravalents 
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occurred randomly as 0.04,0.04 and 0.12 per cell in 20, 40 and 70 
ppm 6-BAP respectively (Table: 5, Fig.VI-5). Their frequencies in 
other mutagens were 0.04,0.04,0.08 per cell in caffeine and 
0.04,0.08,0.08 per cell in 8-HQ in 0.50,0.75 and 1.0% concentrations 
respectively (Tables : 6,7), whereas absent in other doses. In DES 
they occurred in higher doses and their frequencies were 0.04 per cell 
in 0.75 & 1.0% concentrations and 0.08 per cell in 1.25 and 1.50% 
concentrations (Table : 8). 
The occurrence of hexavalent was rare. However, they were 
detected to be 0.04 per cell at diakinesis in 0.50% caffeine and 1.0% 
8-HQ (Tables: 6,7, Figs. VIl-l,VIII-3). Besides, an inversion ring was 
also seen at diakinesis (0.04 per cell) in 70 ppm 6-BAP (Table:5, 
Fig.VI-7). 
4.2.1.4. Fragments : 
The Fragments could not be detected in control population, 
whereas they occurred in most of the doses of mutagens. In 6-BAP the 
frequencies were 0.04,0.08 and 0.16 per cell in 20, 50 and 60 ppm 
concentrations respectively (Table: 5, Fig.VI-6). In caffeine the per 
cell frequency of fragments was 0.16, 0.12,0.16 and 0.16 in 
0.75,1.0,1.25 and 1.50% concentrations respectively (Table: 6, Figs. 
VII-2,3) In 8-HQ their per cell frequency was 0.08, 0.12, 0.12, 0.08,0.16 
and 0.24 per cell in 0.25, 0.50,0.75,1.0,1.25 and 1.50% concentrations 
respectively (Table:7, Fig. VIII-1). In DES the fragments occurred to 
be 0.20,0.16,0.08 and 0.12 per cell in 0.75,1.0,1.25 and 1.50% 
concentrations (Table: 8, Figs. IX-2,3). The fragments increased 
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linearly in 6-BAP and 8-HQ while randomly in caffeine. In DES these 
were more in the lower doses. 
4.2.1.5. One extra pair of chromosomes (2n=14, n=7): 
In some cells 7-pairs of chromosomes were noticed instead 
of six pairs. They occurred in 4% cells in 30,50 and 60 ppm 6-BAP; 
0.50 & 1.50% 8-HQ and 1% DES treatments. The frequency of cells 
having 2n=14 chromosomes further increased to 8% cells in 70 ppm 6-
BAP and 0.50% DES concentrations (Tables:5,7,8; Fig. IX-1). 
4.2.1.6. Stickiness : 
Stickiness among the chromosomes could not be observed 
in control. This property was found in almost all the mutagens,but in 
some of the intermediary doses the chromosomes did not show 
stickiness. Their frequencies increased from 0.08 per cell to 0.24 per 
cell in 20 —70 ppm 6-BAP except in 60 ppm dose (Table: 5). It occurred 
to be 0.08,0.08 and 0.12 per cell in 1.0,1.25, and 1.50% caffeine 
concentrations respectively, that is, in higher doses only (Table: 6). In 
8-HQ the frequency was 0.04 per cell in 0.25 and 1.0% concentrations 
and 0.08 per cell in 1.25 & 1.50% concentrations, whereas, in 0.50 
and 0.75% concentrations there was no stickiness among the 
chromosomes (Table-7). In DES its random occurrence was recorded 
to be 0.08,0.04 and 0.12 per cell in 0.50,1.25 and 1.50% concentrations 
respectively, while absent in 0.25,0.75 and 1.0% concentrations (Table-8). 
The general decreasing trend of C.V. in the case of 
multivalents, fragments, 7-pairs of chromosomes and stickiness in the 
increasing doses exhibited that these populations had comparatively 
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more uniform abnormalities with decreased intra population variations. 
4.2.2. Chromosomal abnormalities at Metaphase I: 
4.2.2.1. Chiasmata frequency per cell: 
The chiasmata frequency at metaphase I also reduced 
linearly from 17.76 per cell (control) to 15.96 per cell in 70 ppm 
6-BAP, 16.0 per cell in 1.50% caffeine, 16.92 per cell in 1.50% 
8-HQ and 16.80 per cell in 1.50% DES respectively (Tables 5 - 8). 
Although the frequency of chiasmata at metaphase I was comparatively 
lower than that at prophase I in control and treated populations, there 
was no significant difference in the frequencies between these two 
stages. However, the bivalents separated to individual chromosomes 
at late metaphase I stage. 
4.2.2.2. Chiasmata frequency per bivalent : 
Chiasmata frequency per bivalent at metaphase I in control 
was 2.96. It decreased from 2.90 —2.66 per bivalent in 20 —70 ppm 
6-BAP, from 2.94 -2.66 per bivalent in 0.25 - 1.50% caffeine, from 
2.94 - 2.83 per bivalent in 0.25 - 1.50% 8-HQ and from 2.94-2.80 
per bivalent in 0.25-1.50% DES (Tables 5-8). 
C.V. in chiasmata frequency per cell and per bivalent did 
not follow any regular trend, rather, they were low and haphazard. 
4.2.2.3. Multivalents : 
Multivalents were absent in control as well as all the 
concentrations of caffeine. Moreover, the tetravalents could be induced 
in some treatments. They occurred randomly in 30 and 60 ppm 6-BAP 
as 0.08 and 0.12 per cell respectively (Table-5, Fig.VI-8). In other 
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mutagens their frequencies were 0.04 per cell in 1.0% 8-HQ (Table-7, 
Fig. VIII-5), 0.04 and 0.08 per cell in 1.25 and 1.50% DES respectively 
(Table-8). In rest of the doses the multivalents were absent. A 
hexavalent could be observed as 0.04 per cell in 60 ppm 6-BAP 
(Table-5, Fig. VI-9). One inversion ring was also observed in 0.25% 
caffeine at metaphase I (Table-6, Fig. VII-6). 
4.2.2.4. Univalents : 
Univalents were absent in control as well as in most of the 
treatments at metaphase I. However, they occurred to be 0.56,0.44 
and 0.08 per cell in 0.75% caffeine; 1.0 & 1.25% DES respectively 
(Tables- 5 - 8 , Figs. Vll-5-7, IX- 4,5,7). 
4.2.2.5. Fragments : 
Fragments were not present in control, but they occurred to 
be 0.04 and 0.12 per cell in 50 and 60 ppm 6-BAP; 0.04 and 0.08 per 
cell in 1.0 and 1.50% caffeine; 0.08 and 0.08 per cell in 0.75 and 1.0% 
8-HQ; 0.04,0.12,0.48 and 0.12 per cell in 0.50, 0.75,1.0 and 1.25% 
DES concentrations respectively (Tables- 5—8; Figs. VIII-5, IX-4,8). 
4.2.2.6. Precocious separation : 
Precocious separation was nil in control. Since it was absent 
in some of the concentrations of treated populations its induction was 
random. The frequencies of precocious separation were 0.04,0.12 and 
0.08 per cell in 20, 30 and 40 ppm 6-BAP respectively (Table-5, Fig.VI-11). 
In caffeine the frequencies were 0.04 per cell in 0.25 and 1.0% 
concentrations; 0.08 per cell in 0.50, 0.75 and 1.25% concentrations 
and 0.12 per cell in 1.50% concentration (Table-6). In 8-HQ also, the 
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frequency distribution of precocious separation was random, since it 
occurred to be 0.04 per cell in 0.25 and 0.75% concentrations, while 
increased to 0.08 per cell in 0.50,1.0 and 1.50% concentrations. On 
the contrary, this abnormality could not be detected in 1.25% 8-HQ 
(Table-7). In DES the precocious movement of chromosomes was 
absent in 0.25 and 0.75% concentrations whereas, in 0.50 and 1.0% 
concentrations they occurred as 0.04 per cell and in 1.25 and 1.50% 
concentrations as 0.08 per cell (Table- 8). Although this abnormality 
occurred randomly but followed the increasing trend with increasing 
doses of DES and other mutagens. 
4.2.2.7. Stickiness : 
The stickiness among chromosomes was absent in control, 
but it was present in almost all the concentrations of all mutagens 
except 0.25 and 0.50% caffeine. It followed a linear increasing pattern 
from 0.08 -0 .28 per cell in 20 - 7 0 ppm 6-BAP and 0.04 -0.12 per 
cell in 0.75 - 1.50% caffeine respectively. (Tables- 5,6, Fig. VI-10). 
In 8-HQ and DES the frequencies were random even in the increasing 
doses. They occurred to be 0.08,0.04,0.12,0.08,0.08 and 0.20 per cell 
in 0.25,0.50,0.75,1.0,1.25, and 1.50% 8-HQ respectively (Table-7, 
Fig.VIII-4). In DES the frequencies of stickiness were 0.08 per cell 
(constant) in 0.25, 0.75,1.0 and 1.25% concentrations and 0.12 & 0.16 
per cell in 0.50 and 1.50% concentrations respectively (Table-8). 
Generally in higher concentrations the C.V.s were 
comparatively low, exhibiting lesser degree of variations in their 
frequencies. 
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4.2.3. Chromosomal abnormalities at anaphase I: 
4.2.3.1. Bridges: 
Chromatin bridges were absent in pollen mother cells (PMC s) 
of control plants. Although these were present in all the treatments of 
mutagens but their frequencies did not follow a linear pattern. The 
increase was rather random. In 6-BAP the bridges ranged between 
0.04 -0.28 per cell in 20 - 7 0 ppm respectively (Table-5, Fig.VI-13). 
In caffeine, 8-HQ and DES the ranges of frequencies were 0.08 —0.24 
per cell, 0.08 -0.28 per cell and 0.16 -0.36 per cell in 0.25 -1.50% 
concentrations respectively (Tables- 6,7,8; Figs.VIII-6,7,9, IX-8). 
4.2.3.1. Laggards : 
The laggards were not present in control plants of Viciafaha 
at anaphase I. Their frequencies in 6-BAP were 0.08, 0.04, 0.12, 0.16,, 
0.16 and 0.24 per cell in 20,30,40,50,60 and 70 ppm concentrations 
respectively (Table- 5). In caffeine, the laggards were absent in 0.25% 
concentration. The frequency decreased from 0.12 per cell in 0.50% 
cone, to 0.08 per cell in 0.75% cone, and then increased to 0.16, 0.24 
and 0.24 per cell in 1.0, 1.25 and 1.50% concentrations respectively 
(Table-6). In 8-HQ these were 0.12,0.12,0.20 and 0.24 per cell in 
0.25,0.75,1.25 and 1.50% concentrations respectively, whereas they 
were absent in 0.50 and 1.0% concentrations (Table-7). They ranged 
between 0.04 -0.28 per cell in 0.50 - 1.50% DES respectively while 
absent in 0.25% DES (Table- 8). Although the frequency of laggards 
was higher in higher doses but the increase was random. It is interesting 
to note that in the first lower dose of 6-BAP and caffeine, in which the 
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laggards were recorded, the frequency was higher than next higher doses, 
that is, in next higher dose the frequency was low and then increased 
gradually in still higher doses. 
4.2.3.3. Unsynchronized separation of chromosomes : 
Unsynchronized separation of chromosomes could not be 
seen in control. They occurred rarely in 6-BAP and 8-HQ, wherein 
their frequencies were 0.08 per cell in 50 ppm 6-BAP and 0.04 per cell 
m 1.25% 8-HQ (Tables-5,7; Figs.VI-12,14,VIII-6). On the other hand 
the increasing tendency towards unsynchronization of chromosomes was 
linear from 0.04 -0 .12 per cell in 0.50 - 1.50% caffeine (Table-6, 
Fig. VlI-8) and random from 0.08 - 0 . 2 0 in 0.50 - 1.50% DES 
respectively. Moreover, this abnormality was absent in 0.25 and 1.0% 
DES (Table-8, Fig.IX-9). 
4.2.3.4.Unequal separation of chromosomes : 
In control populations the chromosomes disjuncted 
normally (6+6) at anaphase I, that is, there was no unequal disjunction 
of chromosomes. Similarly in 20 and 30 ppm 6-BAP; 0.25— 1.0 and 
1.50% caffeine; 0.25,0.50,1.0 and 1.25% 8-HQ, and 0.25-1.50% DES; 
there was no record of unequal disjunction (Tables-5— 8). But this 
abnormality was induced in some random doses of 6-BAP, caffeine 
and 8-H.Q. In 6-BAP the frequencies were 0.04,0.04,0.08 and 0.04 
per cell m 40,50,60 and 70 ppm doses respectively (Table-5). In 
caffeine it occurred to be 0.04 per cell in 1.25% Cv^ncentration only 
(Table-6), while in 8-HQ it was observed to be 0.04 and 0.08 per cell 
in 0.75 and 1.50% concentrations respectively (Table-7, Fig. VIll-8). 
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The occurrence of unequal disjunction in the combination of 7+5 was 
more common than 8+4 or other combinations. 
The decreasing trend of C.V s in the cases of bridges, laggards 
and unsynchronized separation at anaphase I in the higher doses 
ex hibited that these populations had comparatively more homogenous 
abnormalities. 
4.2.4. Chromosomal abnormalities at telophase I: 
4.2.4.1. Unequal Division: 
In control and all the doses of 6-BAP and 8-HQ the PMCs 
did not show unequal division of chromosomes. It was noticed very 
rarely in the populations treated with caffeine and DES. However, it 
occurred to be 0.04 and 0.08 per cell in 1.0% & 1.50% caffeine and 
1.25 & 1.50% DES concentrations respectively. In rest of the doses of 
caffeine and DES the PMC's did not show unequal division (Tables: 5—8). 
4.2.4.2. Laggards : 
laggards were not present in any mutagen in Mj generation, 
but they occurred in M^ and M3 generations in few segregants of the 
treated plants. 
4.2.3.3. Micronuclei: 
Micronuclei were not seen in control as well as all the 
concentrations of caffeine, 8-HQ and DES. However, they were seen 
in 70 ppm 6-BAP only, wherein the frequency was 0.04 per cell (Tables-
5 - 8 , F i g . VI-15). 
At telophase the abnormalities were very less but wherever 
the abnormalities occurred the C.V s were low even in higher 
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concentrations. 
4.2.5. Chromosomal abnormalities at Prophase II 
Generally the meiotic abnormalities at second divisional 
stages were observed to be lesser than that at meiotic I stages. 
4.2.5.1. Fragments: 
The average frequency of fragments was 0.08 per cell in 20 
ppm 6-BAP; 0.04 per cell in 0.75% caffeine, 1.50% 8-HQ, 0.75% 
DES and 0.08 per cell in 1.50% DES, while in rest of the doses of all 
mutagens as well as control plants these were absent (Tables-9 — 12). 
4.2.5.2. Stickiness : 
Stickiness was absent in control and most of the 
concentrations of mutagens. It occurred in 60 ppm 6-BAP; 1.25 and 
1.50% caffeine; 1.25% 8-HQ; 1.0 and 1.25% DES only and the 
frequencies in these concentrations were 0.16,0.04,0.04,0.04,0.04 and 
0.08 per cell respectively (Tables- 9 — 12). 
4.2.6. Chromosomal abnormalit ies at Metaphase II: 
4.2.6.1. Fragments : 
Fragments were absent in control. In 6-BAP they were found 
to be 0.08 per cell in 20 and 60 ppm doses, while in 30,40,50 and 70 
ppm the fragments were absent (Table:9). In caffeine the frequency of 
fragments was 0.0,0.04,0.08,0.0,0.0 and 0.08 per cell in 0.25, 0.50, 
0.75,1.0,1.25 and 1.50% concentrations respectively (Table-10). In 
8-HQ the frequency was 0.04 per cell in 0.50% concentration 0.08 per 
cell in 0.75 and 1.0% concentrations, 0.12 per cell in 1.25% and 0.16 
per cell in 1.50 % concentrations, while absent in 0.25% concentration 
(Table -11). In DES the frequencies of fragments were 0.04 and 0.08 
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per cell in 0.75 and 1.0% concentrations respectively and absent in 
other doses (Table-12). In caffeine the fragments were induced in all 
concentrations and they increased linearly according to increasing 
concentrations of mutagen, while in other mutagens they occurred in 
random doses. The random occurrence of fragments showed that not 
all, but some specific doses of the mutagens are effective in inducing 
fragmentation in the chromosomes. 
4.2.6.2. Precocious separation of chromosmes: 
The precocious separation of chromosomes was absent in 
control, 40,50,60 ppm 6-BAP; 0.25% caffeine; 0.25 and 0.50% DES. 
However, the induced average frequencies of precocious separation 
were 0.12 and 0.04 per cell in 20 and 30 ppm 6-BAP; 0.04,0.08, 
0.08,0.12 and 0.12 per cell in 0.50,0.75,1.0,1.25 and 1.50% caffeine; 
0.04, 0.04, 0.08, 0.12,0.08,0.08 per cell in 0.25, 0.50, 0.75, 1.0,1.25 
and 1.50% 8-HQ and 0.04,0.04,0.04,0.08 per cell in 0.75,1.0,1.25 and 
1.50% DES concentrations respectively (Tables- 9— 12). 
4.2.6.3. Unsynchronized movement of chromosomes : 
Unsynchronized movement of chromosomes was absent in 
control, all the concentrations of 6-BAP and most of the concentrations 
of caffeine, 8-HQ and DES. However, it occurred to be 0.04 per cell 
in 1.50%. caffeine; 0.04 per cell in 0.75,1.0 and 0.08 per cell in 
1.25,1.50% 8-HQ, 0.04 and 0.12 per cell in 0.50 and 0.75% DES 
respectively (Tables-9- 12 ; FigsVII-9,IX-10). 
4.2.6.4. Stickiness : 
Stickiness was absent in control, 20 and 30 ppm 6-BAP; 
0.25% caffeine; 0.75 and 1.0%. DES. Its frequency was 0.04 per cell 
45 
in 50 ppm and 0.08 per cell in 40, 60 and 70 ppm 6-BAP (Table-9); 
0.04 per cell in 0.50% and 0.75% caffeine; 0.08 per cell in 1.0 and 
1.25% caffeine and 0.12 per cell in 1.50% caffeine (Table-10); 0.08 
per cell in 0.25,0.50,1.0 and 1.25%. 8-HQ; 0.12 per cell in 0.75 and 
1.50% 8-HQ (Table-11); 0.08,0.12,0.04 and 0.08 per cell in 0.25,0.50,1.25 
and 1.50% concentrations of DES respectively (Table-12). 
4.2.7. Chromosomal abnormalities at anaphase 11: 
4.2.7.1. Bridges: 
The bridges were found to be absent in control and 20 ppm 
6-BAP, whereas, they occurred in its all other treated populations at 
anaphase II. The frequencies of bridges in 6-BAP were 
0.20,0.16,0.24,0.20 andO.28 per cell in 30,40,50,60 and 70 ppm 
concentrations respectively (Table-9). In caffeine the frequencies 
ranged between 0.08 -0.36 per cell (Table-10; Fig.VII-11); in 8-HQ 
between 0.08 -0.36 per cell (Table- 11) and in DES between 0.12-0.28 
per cell in 0.25 — 1.50% concentrations respectively (Table-12; Fig. 
IX-12). The increase in the frequency of bridges was linear in 
caffeine,8-H.Q. and DES, whereas random in 6-BAP. 
4.2.7.2. Laggards: 
The laggards were absent in control and 20 ppm 6-BAP. 
They were found to be 0.08,0.12,0.28,0.24 and 0.36 per cell in 
30,40,50,60 and 70 ppm 6-BAP (Table-9); 
0.12,0.16,0.08,0.20,0.24 and 0.28 per cell in 0.25,0.50,0.75,1.0,1.25 
and 1.50% caffeine respectively (Table-10; Fig.VII-lI). In 8-HQ the 
frequencies were 0.04,0.08,0.12,0.16,0.12 and 0.20 per cell (Table- 11) 
and in DES 0.08,0.16,0.16,0.24,0.20 and 0.28 per cell in 
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0.25,0.50,0.75,1.0,1.25 and 1.50% concentrations respectively (Table-
12; Fig. IX-12). There was random increase in the frequency of laggards 
per cell in the increasing doses of all the mutagens. 
4.2.7.3. Unequal separation: 
Unequal separation of chromosomes did not occur in control, 
30,40,60 ppm 6-BAP; 0.25,0.50%, caffeine; 0.50, 0.75, 1.25, 1.50% 
8-HQ and 0.25,0.50,1.50% DES. Instead of 6+6 chromosomes, they 
were generally found to be in 7+5 and rarely in 8+4 patterns. Their 
occurrence was random and they were observed to be 0.04,0.04 and 
0.08 per cell in 20,50 and 70 ppm 6-BAP; 0.04,0.08,0.08,0.12 per cell 
in 0.75,1.0,1.25 and 1.50% caffeine; 0.04 and 0.08 per cell in 0.25 
and 1.0% 8-HQ; 0.04,0.08 and 0.08 per cell in 0.75, 1.0 and 1.25% 
DES respectively (Tables- 9-12; Figs. VII-11, VIII-12, IX-13,14). 
4.2.7.4. Unsynchronized separation of chromosomes: 
Unsynchronized separation of chromosomes was seen rarely. 
It was absent in control, all the treatments of 6-BAP, and most of the 
concentrations of caffeine, 8-HQ and DES. However, it occurred to be 
0.04 per cell in 1.25 and 1.50% caffeine; 0.04,0.04,0.04 and 0.08 per 
cell in 0.25,0.50,1.0 and 1.25% 8-HQ respectively and 0.04 per cell 
in 0.75% DES only (Tables-9-12; Figs.VIII-10, IX-11). 
4.2.7.5. Stickiness : 
Stickiness was also rare at anaphase II. This abnormality 
was absent in control, as well as, all the concentrations of 6-BAP, 
caffeine and DES. However, in 0.50 and 0.75% doses of 8-HQ the 
frequency was 0.04 per cell (Table-9- 12; Figs.VIII-10,11). 
47 
4.2.8. Chromosomal abnormalities at telophase II 
4.2.8.1. Unequal separation of chromosomes: 
Unequal separation of chromosomes was absent in control 
and most of the concentrations of all the mutagens. Their frequencies 
were 0.04 per cell in 60 and 70 ppm 6-BAP; 0.25 and 0.50% caffeine; 
0.08 per cell in 0.50 and 1.50% 8-HQ (Tables-9- 11). In rest of the 
doses of 6-BAP, caffeine and 8-HQ and all the doses of DES there 
was no record of unequal division (Table-9—12; Fig. VIII-13). 
4.2.8.2. Laggards: 
Laggards were also absent in control as well as most of the 
concentrations of mutagens. These were observed to be 0.04 per cell 
in 0.75% caffeine; 0.08 per cell in 20 ppm 6-BAP; 0.50 and 1.50% 
8-HQ and 1.25% DES; 0.12 per cell in 1.25% caffeine and 1.50% 
DES only(Tables-9-12; Figs.VIII-13,14, IX-15). 
4.2.8.3. Micronuclei: 
No micronuclei could be traced in control, all the 
concentrations of 6-BAP and most of the concentrations of caffeine, 
8-H.Q. and DES. Generally there were 5 micronuclei in some 
microspore mother cells. Their average frequencies were 0.04 and 
0.08 per cell in 1.0 and 1.25% caffeine; 0.04 and 0.08 per cell in 0.50 
and 1.0% 8-HQ and 0.04 per cell in 0.75% DES respectively (Tables-
9-12;Figs. VII-12,VII]-15). 
C.V. at meiosis II, was low in higher concentrations although 
the frequencies of abormalities increased. The populations had 
comparatively more stabilized abnormalities with lesser deviations. 
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EXPLANATION OF FIGURES 
FIGURE PLATE -I. Seedling variations induced by different 
chemical mutagens. 
Fig.l. Seedling bearing paripinnate compound leaf, leaflets are 
opposite, obovate, smooth, entire, acute (control). 
Fig.2. Two leaflets fused, forming a broad heart shape structure,with 
notching, other pair of leaflets unequal, deshaped. (30 PPM 6-BAP). 
Fig.Sa. Both leaflets incompletely fused, heart shaped (40 PPM 6-BAP). 
Fig. 3b. Leaflets obovate, small, thick, leathery, entire, round (40 PPM 
6-BAP). 
Fig.4a. Broad thick leaflets notching at the apex (60 PPM 6-BAP). 
Fig. 4b. Few lower leaflets small, thick dark green and notched 
(60 PPM 6-BAP). 
Fig. 5. Older leaflets of both seedlings thick, small with slightly curved 
margin, while younger ones are normal (0.50% caffeine). 
Fig.6. Stunted growth of seedlings, leaflets small, thick and darker in 
colour (1.25% caffeine). 
Fig.7. Older leaflets of all three seedlings small, thick and leathery 
(0.25% 8-HQ). 
Fig.Sa. Seedling showing reduced growth, lower leaflets small and 
thick while upper ones rounded (0.75% 8-HQ). 
Fig.8b. Seedling showing reduced growth, leaflets small, thick,one pair 
of leaflets incompletely fused to form a deep notch. (0.75% 8-HQ). 
Fig.9. Older seedling thick, leathery, dark green, acuminate, while 
younger ones broad, deshaped (1.0% 8-HQ). 
Fig. 10a. Leaflets very small, leathery, thick, both shifted to one side, 
notched apex (1.0% DBS). 
Fig. 10b. Stunted growth of seedling, leaflets small & thick, broad, 
round apex (1.0% DES). 
Fig. 10c. Seedling showing stunted growth and reduced size of leaflets 
(1.0% DES). 
Fig. 11. Stunted growth of seedhngs, curved margin of leaflets (1.25% DES). 
Fig. 12.Rudimentary seedlings, leaflets thicker, small, showing 
curved margin and dark colour (1.5% DES). 
b'8 
Plate-I:- Seedling abnormalities in Viciafaba induced by chemical 
mutagens in Mi generation. 
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EXPLANATION OF FIGURES 
FIGURE PLATE -II. Leaf variations induced by 6-BAP in M^ 
generation 
Fig. 1. Compound, paripinnate,obovate, smooth,entire acute (control). 
Fig.2. Small, unequal, one leaflet obovate, entire, obtuse, while other 
deshaped and acute (20 PPM). 
Fig.3. Smaller leaflets,unequal,obovate,thicker, obtuse (20 PPM). 
Fig.4. Highly reduced leaflets, lanceolate, unequal, entire/wavy, acute, 
one leaflet deshaped (20 PPM). 
Fig.5. Unequal, deshaped, triangular, depression at the apex 
(truncate) (30 PPM). 
Fig.6. Bigger than control, shghtly unequal, obovate, entire, obtuse, 
light green (xantha type) (30 PPM). 
Fig. 7. Broad and thick leaflets, deshaped, irregular margin, lobed apex 
(30 PPM). 
Fig.8. leaflets small and unequal, deshaped, entire, notched margin 
(40 PPM). 
Fig.9. Obovate, small leaflets, dark green in colour, entire, round/obtuse 
apex (40 PPM). 
Fig. 10. Lanceolate, small, ovate, entire acute (40 PPM). 
Fig. 11. Small leaflets, dark green, lanceolate/deshaped, wavy margin, 
acute (40 PPM). 
Fig. 12. Obovate, oblong, unequal in breath, acute/mucronate (50 PPM). 
Fig. 13. Unequal, deshaped, thick leathery, deep notching at margin and 
apex (50 PPM). 
Fig. 14. Small unequal and thick leaflets, obovate, entire, acute (50 PPM). 
Fig. 15. Slightly unequal, dark green, thin leaflets obtuse apex (60 PPM). 
Fig. 16. Broad,obovate, entire, smooth,sUght depression at the apex (60 PPM). 
Fig. 17. Unequal, very thick,dark green, bilobed apex (60 PPM). 
Fig. 18. Small, obovate, dark green, thick leaflets, entire, smooth, round. 
(70 PPM). 
Fig. 19. Two leaflets, incompletely fused, deshaped, thick and fleshy 
mucronate (70 PPM). 
Fig.20. Small, dark green, thick leaflets, lanceolate, entire, acute 
slightly incised margin (70 PPM). 
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61 
EXPLANATION OF FIGURES 
FIGURE PLATE -III. Leaf variations induced by caffeine in Mj 
generation. 
Fig.l&2. Compound, paripinnate, obovate, smooth, entire acute (Control). 
Fig.3. Paripinnate, leaflets reduced in size, lanceolate, entire, acute (0.2 5%). 
Fig.4. Paripinnate, leaflets smaller, obovate, entire/ wavy, notching at 
the apex, obtuse (0.25%). 
Fig.5. Small leaflets, unequal, lanceolate, entire, acute (0.25%). 
Fig.6. Imparipiimate, Obovate, acute apex, one leaflet of younger pair 
reduced to stipel (0.50%). 
Fig.7. Leaflets obovate, small, papery, obtuse apex (0.50%). 
Fig.8. Unequal leaflets, smaller one deshaphed, obtuse (0.50%). 
Fig.9. Small, thick leaflets, lanceolate/ovate, acute/obtuse (0.50%). 
Fig. 10. Imparipinnate, one leaflet reduced to stipel, wavy margin 
acute (0.75%). 
Fig. 11. Obovate, papery, broad, obtuse slightly depressed at apex 
(0.75%). 
Fig. 12. Unequal, thin leaflets, margin incised, acute/lobed apex (0.75%). 
Fig. 13. Small, unequal, leathery, wavy margin, acute/notched apex, one 
leaflet narrow (1.0 %). 
Fig. 14. Small, unequal, deshaped, ovate/linear leaflets (1.0%). 
Fig. 15. Imparipinnate, unequal, irregular shape, mucronate, stipel at the 
base of single younger leaflet (1.0%). 
Fig. 16. Bigger and broader leaflets, deshaped, wavy margin, round/lobed 
apex. Stipel at the base of younger leaflet (1.25%). 
Fig. 17. Obovate, oblong, wavy margin acute apex (1.25%). 
Fig. 18. Deshaped, incised margin papery leaflets, acute (1.25%). 
Fig. 19. Obovate, small, papery, dark colour, entire, acute (1.50%). 
Fig.20. Lanceolate/deshaped, oblong wavy/incised margin, acute (1.50%). 
Fig.21. Obovate, oblong, reduced in size, deshaped, narrow, acute/round 
(1.50%). 
Fig.22. Small leaflet, wavy, lanceolate/deshaped, acuteAobed (1.50%)). 
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PLATE - III:- Leaf variations induced by Caffeine 
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EXPLANATION OF FIGURES 
FIGURE PLATE- IV. Leaf variations induced by 8-Hydroxy 
quinoline in M, generation. 
Fig. 1. Compound, paripinnate.obovate, smooth, entire, acute (control). 
Fig.2. paripinnate, leaflets unequal, deshaped, notching at margin 
and apex, differing in shape and breadth (0.25%). 
Fig.3. Lanceolate,unequal, deshaped, one leaflet of younger pair 
reduced to stipel (0.25%). 
Fig.4. Paripinnate, small, unequal, thin, deshaped leaflets, round and 
lobed apex (0.25%). 
Fig.5. Imparipinnate,deshaped, notched and thin leaflets, irregular 
margin, obtuse,stipel present (0.50%). 
Fig.6. Imparipinnate, under developed,deshaped, one leaflet at the 
apex reduced to stipel, obtuse (0.50%). 
Fig.7. Imparipinnate leaflets,deshaped, obtuse (0.50%). 
Fig.8. Small leaflets with wavy margin and differing in shape,obtuse 
(0.75%). 
Fig.9. Imparipinnate, notched at the margin, leaflets reduced to stipel, 
acute (0.75%). 
Fig. 10. Paripinnate,bigger than control, lanceolate,entire, acute (1.0%). 
Fig. 11. Paripinnate, deshaped, curly margin, obtuse (1.0%). 
Fig. 12. Paripinnate, small, deshaped, thin, incised margin, acute (1.0%). 
Fig. 13.Imparipinnate, highly reduced size, deshaped, one leaflet 
reduced to stipel, acute (1.25%). 
Fig. 14. Reduced size, linear, papery leaflets, entire, ac ute (1.25%)). 
Fig. 15.Unequal leaflets, smaller one deshaped, incised margin, acute/ 
obtuse (1.25%). 
Fig.l6.0bovate, smaller, incised margin, varying in shape, round/ 
obtuse apex (1.50%). 
Fig. 17. Older leaflets under-developed, obovate, entire, truncate (due 
to depression at the apex), while younger pair bigger, lanceolate, 
entire, acute (1.50%). 
Fig. 18. Smaller leaflets, ovate/lanceolate, entire, acute (1.50%). 
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PLATE ^V :- Leaf variations induced by 8-Hydroxy 
quinoline in Mi gen.eration. 
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EXPLANATION OF FIGURES 
FIGURE PLATE -V. Leaf variations induced by DES in M, 
generation 
Fig.l. Compound, paripinnate,obovate, smooth, entire, acute (control). 
Fig.2. Lanceolate, wavy/incised margin, acute/acuminate (0.25%). 
Fig.3. Obovate, broad, smooth, entire, papery thin depressed apex 
(0.25%). 
Fig.4. Obovate, smooth,wavy margin, notched apex (0.50%). 
Fig.5. Obovate, smooth, entire, acute/obtuse (0.50%). 
Fig.6. Obovate, unequal,deshaped, small leaflets,incised margin, 
obtuse (0.50%). 
Fig.7. Obovate,broad, unequal, papery leaflets, entire, obtuse (0.75%). 
Fig.8. unequal, varied shapes, small, lanceolate/linear, ovate, 
oblong, entire/wavy,acute (0.75%). 
Fig.9. Obovate, small, papery leaflets, entire, obtuse (0.75%). 
Fig. 10. Smaller size, ovate/linear, entire/wavy, smooth,acute (1.0%). 
Fig. 11. Imparipinnate,ovate/lanceolate, smooth, entire, acute, one leaf-
let of the youngest pair rduced to stipel (1.0%). 
Fig. 12. Obovate, unequal,deshaped, round (1.25%). 
Fig. 13. Obovate, small, unequal,papery notched leaflets with varying 
shapes,notched/acute apex (1.25%). 
Fig. 14. Imparipinnate, obovate,reduced,deshaped, irregular margin, 
entire/wavy, acute (1.25%). 
Fig. 15. paripinnate, lanceolate, small, entire, acute (1.50%). 
Fig. 16. Paripinnate, obovate, smooth, entire ,encised, obtuse, stipel 
present (1.50%). 
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PLATE - V:- Leaf variations induced by DBS in Mi generation. 
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EXPLANATION OF FIGURES 
FIGURE PLATE-VI. Meiotic abnormalities induced by 6BAP 
in Viciafaba (M^ generation). 
Fig.l. Diakinesis: Microspore mother cell showing 6 bivalents 
(control). 
Fig.2. Metaphase I: Normal 6 bivalents (control). 
Fig.3. Anaphase I: Chromosomes separating normally (control). 
Fig.4. Metaphase H: Two groups of chromosomes arranged at equator (control) 
Fig. 5. Diakinesis: IIV + 4 II (40 PPM). 
Fig.6. Diakinesis: 5 II + breakage in the largest chromosome producing a 
fragment (70 PPM). 
Fig.7. Diakinesis: 2IV with inversion rings + 2II (70 PPM). 
Fig.8. Metaphase I: 1IV (y-shaped) + 4 n (30 PPM). 
Fig.9. Metaphase I: 1 VI + 3 II (60 PPM). 
Fig. 10. Metaphase I: Chromosomes forming a rod of 6 chromosomes due to 
stickiness (60 PPM). 
Fig. 11. Metaphase I: Precocious separation of 1 II and stickiness in other 
five, (40 PPM). 
Fig. 12. Anaphase I: Chromosomes showing unsynchronized movement 
(50 PPM). 
Fig. 13. Anaphase I: Multiple inversion bridges (50 PPM). 
Fig. 14. Anaphase I: Unsynchronized disjunction of chromosomes (50 PPM). 
Fig. 15. Telophase I: Micro nucleus (70 PPM). 
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PLATE - VI :-Meiotic studies induced by 6BAP in Vicia M a 
in Ml generation. 
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EXPLANATION OF FIGURES 
FIGURE PLATE-VII. Meiotic abnormalities induced by caffeine 
in Viciafaba (Mj generation). 
Fig. 1. Diakinesis: 1 VI + 3 II (0.50%). 
Fig.2. Diakinesis: 5 II + 4 fragments (0.75%). 
Fig.3. Diakinesis: 4II + 41, one chromosome of large bivalent broken 
(1.0%). 
Fig.4. Diakinesis: Big chromosome showing non-homologous part at 
one end (1.0%). 
Fig.5. Metaphase I: 5 II + 2 I (0.75%). 
Fig.6. Metaphase I: 6 II, inversion ring in one bivalent (0.25%). 
Fig.7. Metaphase I: 12 Univalents (0.75%). 
Fig.8. Anaphase I: Unsynchronized separation in the large bivalent. 
(0.75%). 
Fig.9. Pro-metaphase II: Unsynchronized division, one set of chromosomes 
at metaphase II, while other group still at late 
prophase II (1.50%). 
Showing 1 fragment (Polar view) (1.25%»). 
unequal division, laggards and bridge 
formation due to non-disjunction (0.75%). 
One micro nucleus (4 + 1= 5 nucleate 
condition) (1.25%). 
Fig. 10. Metaphase II 
Fig. 11. Anaphase II: 
Fig. 12. Telophase II: 
V T-S6S2. 
^11; 
'•' L , . . 
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PLATE - VII:- Meiotic studies induced by caffeine in Viciafaba 
in Ml generation. 
79 
EXPLANATION OF FIGURES 
FIGURE PLATE-VIII. Meiotic abnormalities induced by 8-Hydroxy 
quinoline in Vkiafaba (M, generation). 
Fig.l. Diakinesis: 6 II, one chromosome of large bivalent broken. 
Breakage and reunion of fragments.(0.50%). 
Fig.2. Diakinesis: Non-homology causing repulsion between chro-
mosomes of a bivalent (1.0%). 
Fig.3. Diakinesis: I VI + 3 II (1.0%). 
Fig.4.MetaphaseI: Chromosomes showing stickiness (0.75%). 
Fig.5. Metaphase I: 1IV + 4 H + 1 fragment (1.0%). 
Fig.6. Anaphase I: Chromatin bridge and unsynchronized separation 
(1.25%). 
Fig.7. Anaphase I: Multiple chromatin bridges (1.50%). 
Fig.8. Anaphase I : unequal division, 7 + 5 chromosomes (0.75%). 
Fig.9. Anaphase I: Disorientation of chromosomes and bridge formation 
(1.25%). 
Fig. 10. Anaphase II:Unsynchronized separation of chromosomes and 
stickiness (0.50%). 
Fig.l 1. Anaphase II: Stickiness causing non-disjunction (0.75%). 
Fig. 12. Anaphase II: Unequal separation, multipolar orientation and frag-
ments (1.0%). 
Fig. 13. Telophase II: Laggards and unequal division (1.50%). 
Fig. 14. Telophase II: 5-polar orientation of chromosomes and laggards 
(0.50%). 
Fig. 15. Telophase II: 5-Nucleate PMC, 1 micro nucleus (1.0%). 
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EXPLANATION OF FIGURES 
FIGURE PLATE-IX. Meiotic abnormalities induced by DES 
in Viciafaba (M^ generation). 
Fig 1. Diakinesis : 7 pairs of chromosomes (0.50%). 
Fig 2. Diakinesis : 411 + 5 fragments of one chromosome (0.50%). 
Fig 3. Diakinesis : 5 11+ 4 fragments of one chromosome (1.0%). 
Fig 4. Metaphase 1: 10 univalents + 5 fragments (1.0%). 
Fig 5. Metaphase 1 : 5 II + 2 I (1.0%). 
Fig 6. Metaphase 1 : 6 II, breakage in two chromosomes at centromere, 
non-homology in one pair (1.25%). 
Fig 7. Metaphase I : 2 II + 8 I (1.25%). 
Fig 8. Anaphase I : Chromatin bridges (1.50%). 
Fig 9. Anaphase I : Normal disjunction in 4 II, 2 bivalents still unsepa 
rated (unsynchronized sep.) (1.50%). 
Fig 10 . Metaphase II: Unsynchronized separation of chromatids 
(0.75%). 
Fig 11. Meta-Anaphase II : Unsynchronized disjunction of chromo-
somes (0.75%). 
Fig 12 . Anaphase II : Bridge and laggards (1.0%). 
Fig 13. Anaphase II : Unequal separation of chromosomes, disorienta 
tion, fragments (1.25%). 
Fig 14. Anaphase II : Unequal division of chromosomes (1.25%). 
Fig 15. Telophase II : Laggards (1.50%). 
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PLATE - IX:- Meiotic studies induced by DES in Viciafaba in 
Ml generation. 
83 
43. MORPHOLOGICAL STUDIES IN M^  GENERATION: 
The seeds of control plants, treated populations and selected 
selfed variants of M, generation were collected and sown in M^ 
generation for further cytomorphological studies. The parameters were 
almost same as that in M, generation. Data obtained have been analysed 
statistically. 
4.3.L Seed germination : 
The seed germination decreased from 93.33% (maximum in 
control) to 60% in 70 ppm 6-BAP; 68% in 1.50% caffeine; 72% in 
1.50% 8-HQ and 72% in 1.50% DES (Tables-13-16;Graph-ll). 
Although there was decreasing trend in the increasing doses of all 
mutagens but considerable recovery had taken place in M^ and 
resultantly the germination was comparatively higher than their 
respective doses of M, generation. 
4.3.2. Frequency of variations at seedling stage: 
The variations at seedling stage were found to increase in 
increasing concentrations. In control, the variation was absent, but 
increased from 13.33 — 36% in 20 —70 ppm 6-BAP. In other mutagens 
the range of increase was 12.0-38.66% in caffeine; 10.66—25.33% in 
8-HQ and 13.33-28% in DES in 0.25 - 1.50% concentrations 
respectively (Tables-13—16;Graph-12). The variations which were 
noted at seedling and mature stages in Mj generation such as habit, 
leaf morphology, branching etc. were inherited in M2 also, but the 
frequency was lesser than M^  (Tables-,, 1—4; 13— 16) 
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4.3.3. Height of mature plants: 
Average height of mature plants generally decreased in 
increasing concentrations of the mutagens. The average height of control 
population was 38.66 cm (maximum). It reduced more or less linearly 
to 26.0 cm in 70 ppm 6-BAP; 25.16 cm in 1.50% caffeine; 27.66 cm in 
1.50% 8-HQ and 25.0 cm in 1.50% DES respectively (Tables-13- 16; 
Graph-13). 
The coefficient of variations was 6.44% in control but 
increased randomly in treated populations to a maximum 14.38% in 6-
BAP, 16.25% in caffeine, 13.31% in 8-HQ and 17.28% in DES (Tables-
13-16). 
The height decreased to 5% level of significance in 20 and 
50 ppm 6-BAP; 0.75 and 1.0% caffeine; 0.75% 8-HQ; 0.25 and 0.75% 
DES and significance to 1.0%o level in 60 and 70 ppm 6-BAP, 1.25 and 
1.50% caffeine; 1.0,1.25 and 1.50% 8-HQ; 0.50,1.0,1.25 and 1.50% 
DES. In rest of the treatments the increase in height was insignificant 
(Tables-13- 16). 
4.3.4. Number of leaves per plant: 
Viciafaba bears paripinnately compound leaves. The average 
number of leaves in control plants was 40.16. In treated populations it 
decreased from 36.83-28.16 per plant, 37.16-29.66 per plant, 37.16 
- 27.83 per plant and 37.50 -26.16 per plant in 20 - 7 0 ppm 6-BAP 
and 0.25 — 1.50% concentrations of caffeine, 8~HQ and DES 
respectively (Tables-13—16, Graph-14). 
The C.V. in the case of number of leaves was 5.59 in control. 
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Although they did not follow any definite trend in treated populations, 
but were generally higher than control reaching to the maximum 19.15% 
in 50 ppm 6-BAP, 14.59% in 1.0% caffeine, 13.56% in 0.50% 8-HQ 
and 16.33% in 1.25% DES. In still higher concentrations of these 
mutagens the C.V. decreased. (Tables-13—16). 
Number of leaves per plant reduced to 5% level of 
significance in 70 ppm 6-BAP, 1.25 and 1.50% 8-HQ, 1.25 and 1.50% 
DES. In rest of the treatments the increase or decrease in the number 
of leaves per plant as compared to control were insignificant (Tables-
13-16). 
4.3.5. Number of leaflets per plant: 
The average number of leaflets in control population was 
observed to be 125.66. In 20,50,60 and 70 ppm 6-BAP the leaflets 
followed a decreasing trend to 123.33,103.33, 87.33 and 88.0 per plant 
respectively. On the other hand there was increase in the number of 
leaflets over control to 129.0 and 138.66 per plant in 30 & 40 ppm 
6-BAP respectively (Table-13). In caffeine, 8-HQ and DES the leaflets 
ranged between 112.0-68.0, 113.66-88.86 and 118.33-81.3 per plant 
respectively (Table-14—16; Graph-15). 
In most of the concentrations of mutagens the C.V. was 
generally higher than control (8.33) except in few doses. 
The decrease in the number of leaflets was significant at 5% 
level in 60 and 70 ppm 6-BAP; 1.25% caffeine; 1.25,1.50% 8-HQ and 
1.25,1.50% DES, and significant at 1% level in 1.50% caffeine only 
(Tables- 13-16). 
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4.3.6. Leaf ratio: 
Leaf ratio did not follow a linear decreasing or increasing 
patterns in M^  generation also. It was rather random in all the mutagens. 
The leaf ratio in control was 2.36, exhibiting that the leaf was this 
much times longer than broad. It decreased randomly to 1.86,1.95,1.97, 
1.95,1.92 and 1.87 in 20,30,40,50,60 and 70 ppm 6-BAP concentrations 
respectively (Table-13). In other mutagens the leaf ratios were 
1.85,2.28,2.32,1.95,1.97,1.99 in caffeine; 1.85,1.90, 1.73,1.92,1.98, 
2.01 in 8-HQ and 2.14,1.95,1.89,1.82,2.11,1.85 in DES in 0.25,0.50, 
0.75,1.0,1.25,1.50% concentrations respectively (Tables-14—16; 
Graph-16). In treated populations the leaflets were smaller as regards 
the length butseemed to bebroader because the ratio was in most of the 
cases lesser than control. 
The C.V. in control was 6.60. In 0.25% and 1.25% caffeine; 
0.25 and 1.0% 8-HQ and all the concentrations of DES (except 0.75% 
concentration) it was lower than control while in all the concentrations 
of 6-BAP and rest of the concentrations of caffeine; 8-HQ and 0.75% 
DES the C.Vs were found to be more than control. 
Decrease or increase in leaf ratio was significant at 5% level 
in 20 ppm 6-BAP, 0.25,0.50,1.0,1.25,1.50% 8-HQ, and significant at 
1% level in 0.75% 8-HQ; 0.50,0.75,1.0 and 1.50% DES. In rest of the 
concentrations of 6-BAP, 8-HQ, DES and all the concentrations of 
caffeine the variations were insignificant (Tablesl3— 16). 
4.3.7. Yield : 
Yield was calculated on the basis of three parameters : number 
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of pods/plant, number of seeds/plant and weight of 100 seeds. 
4.3.7.1. Number of pods per plants: 
The number of pods per plant was found to decrease more 
or less linearly as the concentrations of mutagens increased. In control, 
the average number of pods were 15.18 per plant but reduced from 
12.57 -7.23 pods per plant in 20 - 7 0 ppm 6-BAP, (Table-13): from 
13.70 - 8.37 per plant in caffeine (Table-14); from 12.81-7.01 per 
plant in 8-HQ (Table-15) and from 11.85-6.40 per plant in DES (Table- 16), 
each in 0.25 — 1.50% concentrations respectively (Graph-17). 
The C.V. in control as well as treated populations were 
very low, exhibiting a comparatively more constant character in the 
populations. 
The decrease in the yield in terms of pods per plant was 
significant at 1% level in all the concentrations of 6-BAP; caffeine, 
8-HQ and DES (Tables 13- 16). 
4.3.7.2. Number of seeds per plant : 
The average number of seeds per plant in control was 39.60. 
It decreased linearly from 32.24 — 18.49 per plant in 20 —70 ppm 6-
BAP (Table-13); from 33.97- 21.24 per plant in caffeine (Table-14); 
30.28 - 18.76per plant in 8-HQ (Table-15); and 28.89 - 15.85 per 
plant in DES, each in 0.25 to 1.50% concentrations (Table-16; Graph-18). 
The variations in the number of seeds did not follow any 
definite trend because the coefficient of variations were found to 
decrease or increase over control in different doses of all the mutagens. 
However, the reduction in number of seeds per plant was significant at 
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1.0% level in all the concentrations of 6-BAP, caffeine, 8-HQ and 
DES (Tables- 13-16) . 
4.3.7.2. Weight of 100 seeds : 
The average weight of randomly selected 100 seeds in control 
was 26.19 gms. It decreased as the concentrations of mutagens 
increased. The range of decrease was between 24.15— 19.56 gms in 
20-70 ppm 6-BAP (Table-13), from 21.79 - 18.11 gms in 0.25 -
1.50% caffeine (Table-14), from 24.50 - 16.76 gms in 0.25- 1.50% 
8-HQ(Table-15) and 31.69 - 19.22 gms in DES in 0 .25- 1.50% 
concentrations respectively. Moreover, the weight per 100 seeds 
increased over control in 0.25% DES to 31.69 gms per plant (Table-16 ; 
Graph-19) 
The treated populations showed generally more variations 
as compared to control, because the C.V.s in most of the treatments 
were higher than control. 
The reduction in the weight of seeds was significant at 5% 
level in 40 - 70 ppm 6-BAP, 0.25 - 1.50% caffeine, 0.75 - 1.50% 
8-HQ and 0.50- 1.50% DES concentrations. On the other hand, only 
in the case of 0.25% DES the weight increased to 1% level of 
significance. 
4.3.8. Pollen fertility/sterility: 
Pollen fertility was affected by the mutagens in M^ generation 
also. Average pollen fertility in control was 95.20%. It decreased more 
or less linearly in all of the mutagenic treatments as the concentrations 
of 6-BAP increased from 20 — 70 ppm and of other three mutagens 
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from 0.25 -1.50% .The range of decrease was between 90.26 -73.73% in 
6-BAP (Table-13), 90.93 -73.60% in caffeine (Table-14), 89.60 -
74.66% in 8-HQ (Table-15), and 89.60-69.46% in DES (Table-16) 
respectively (Graph-20). 
4.3.9. Mutagenic effectiveness and efficiency: 
Mutagenic effectiveness was the highest in 6-BAP. The 
effectiveness was random in lower doses in 6-BAP and Caffeine as it 
decreased from 277.70 —214.29 in 20 —70 ppm concentrations and 
from 2.00 — 1.07 in 0.25 — 1.50% concentrations respectively with 
exceptionally low values in 30 ppm 6-BAP and high values in 0.50% 
caffeine (Tables-17,18). In 8-HQ and DES it decreased linearly from 1.78 
-0.70 and 2.22 -0 .78 in 0.25-1.50% concentrations respectively 
(Tables-19,20). The order of effectiveness of mutagens was 
6-BAP >DES> Caffeine> 8-HQ. 
The mutagenic efficiency had been worked out on the basis 
of inhibition in germination (Mp/1) and pollen sterility (Mp/S). It 
decreased from 1.02 —0.55 in 20—70 ppm 6-BAP (Table-17). In caffeine 
the efficiency was the highest in 0.50% concentration (0.96), whereas 
in other doses they were more or less constant (Table-18). In 8-HQ the 
efficiency followed a decreasing trend from 1.23-0.61 in 0.25-1.50% 
concentrations but it increased to 1.'27 and 1.01 in 0.50 and 1.25% 
concentrations respectively. In DES it decreased from 1.02—0.47 in 
0.25—1.50% concentrations (Table-20). With regard to inhibition in 
germination the efficiency was highest (1.27) in 0.50% 8-HQ and 
lowest (0.38) in 1.25% DES. The order of efficiency was, 
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8-HQ>6-BAP > Caffeine > DES. 
The mutagenic efficiency based on pollen sterility increased 
from 1.90 to 2.14 in 20-40 ppm 6-BAP and then decreased to 1.65,1.54 
and 1.27 in 50—70 ppm concentrations (Table-17). In caffeine it also 
increased from 2.53—2.76 in 0.25-0.50% concentrations and then 
decreased to 1.27,1.52,1.71 and 1.68 in 0.75,1.0,1.25 & 1.50% 
concentrations respectively (Table-18). In 8-HQ and DES the efficiency 
(Mp/S) decreased from 1.50 and 2.03-0.64 and 0.89 in 0.25-1.50% 
concentrations respectively (Tables- 19-20). The order of efficiency 
was Caffeine>6-BAP>DES>8-HQ. 
4.4. Meiotic studies in M^  generation: 
Cytological analysis in M^  generation was carried out 
from the plants raised from the seeds of selfed flowers of treated 
population of Mj generation. Chromosomal observations were recorded 
in M^ generation, but their frequencies were lesser than Mj. The 
parameters were same as in Mj generation. 
4.4.1. Chromosomal abnormalities at prophase I: 
4.4.1.1. Chiasmata frequency per cell: 
Chiasmata frequency was 18.68 per cell in control. It 
decreased from 18.60 — 16.40 per cell in 20 —70 ppm 6-BAP, from 
18.52-18.36 per cell in caffeine, 18.56 - 18.40 per cell in 8-HQ and 
18.60-18.00 per cell in DES in 0.25-1.50% concentrations (Tables-21 -24). 
4.4.1.2. Chiasmata frequency per bivalent : 
Chiasmata frequency per bivalent at prophase I was 3.11 in 
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6-BAP, from 3.08 -3 .06 per bivalent in 0.25 -1.50% caffeine, from 
3.09 -3.06 per bivalent in 0.25 -1.50% 8-HQ and from 3.10-3.0 per 
bivalent in 0.25 - 1.50% DES (Tables-21-24). 
Coefficient of variations in chiasmata frequency was 
haphazard but generally it was higher in treated population than control. 
4.4.1.3. Multivalents : 
Multivalents at meiosis I in M^ generation were mainly 
tetravalents. The frequency was 0.04 per cell in 20,40,70 ppm 6-BAP; 
0.75,1.0% caffeine; 0.50,0.75,1.0% 8-HQ; 1.0% DES and 0.08 per 
cell in 1.50% DES. (Tables-21-24). 
4.4.1.4. Fragments : 
The frequencies of fragments increased as the concentrations 
of mutagens increased. In control there was no fragment, but it increased 
from 0.04 - 0.20 per cell in 20 - 6 0 ppm 6-BAP, 0.04 -0 .16 per cell 
in 0.75 - 1.50% caffeine, 0.04 -0.20 per cell in 0.50- 1.50% 8-HQ 
and 0.08-0.16 per cell in 1.0-1.50% DES (Tables-21-24). 
4.4.1.5. One extra pair of chromosomes (2n=14): 
One extra pair of chromosomes could not be detected in 
control. In treated populations the frequency was 0.04 per cell in 
30,50,60,70 ppm 6-BAP; 0.50, 1.50% caffeine; 0.50% 8-HQ; 0.50% 
DES and it increased to 0.08 per cell in 1.25% caffeine (Tables-21-24). 
4.4.1.6. Stickiness : 
Stickiness among the chromosomes did not occur in control 
population. It was not seen in all the treated populationsalso. However, 
the stickiness occurred to be 0.04 per cell in 20 ppm 6-BAP, 1.25% 
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caffeine, 1.0,1.25% 8-HQ, 1.50% DES; 0.08 per cell in 40 ppm 
6-BAP, 1.50% caffeine and 8-HQ, 0.50,1.50% DES and 0.12 per cell 
in 50, 70 ppm 6-BAP (Tables-21-24). 
The coefficient of variations in all the chemicals at prophase-I 
generally did not follow a definite trend. However, they decreased 
randomly in higher concentrations as the frequency of abnormalities 
increased. 
4.4.2. Chromosomal abnormalities at Metaphase I: 
4.4.2.1. Chiasmata frequency per cell: 
Chiasmata frequency in control was 17.92 at metaphase I. It 
decreased from 17.72-17.48 per cell in 20-70 ppm 6-BAP; 17.80-
17.30 per cell in 0.25-1.50% caffeine; 17.68-17.16 per cell in 0.25-
1.50% 8-HQ; 17.68-17.20 per cell in 0.25-1.50% DES (Tables- 21-24). 
The decrease in chiasmata frequency was insignificant even in the 
higher doses. 
4.4.2.2. Chiasmata frequency per bivalent: 
Chiasmata frequency per bivalent also followed the 
decreasing trend in the treated populations. In control it was 2.98 per 
bivalent while reduced from 2.95-2.91 per bivalent in 20-70 ppm 
6-BAP, 2.96-2.88 per bivalent in 0.25-1.50% caffeine, from 2.94-
2.86 per bivalent in 0.25-1.50% 8-HQ, from 2.94-2.86 per bivalent in 
0.25-1.50% DES (Tables-21-24). 
Generally the C.V. was slightly lesser than control with few 
exceptions, such as in 0.50, 0.75% caffeine, 0.75% DES. 
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4.4.2.3. Multivalents: 
The frequency of multivalents at metaphase 1 in M2 generation 
was very rare. It was 0.04 per cell in 60 ppm 6-BAP; 1.25 and 1.50% 
DES only (Tables-21-24). 
4.4.2.4. Univalents: 
Univalents were not present at metaphase I in M^ 
generation in any treatment of 6-BAP, caffeine, 8-HQ and DES. 
4.4.2.5. Fragments: 
The frequency of fragments was 0.04 per cell in 0.75% 
8-HQ and 0.50% DES; 0.08 per cell in 40 ppm 6-BAP, 1.50% caffeine, 
1.0% 8-HQ and 0.75% DES and 0.16 per cell m 1.0 and 1.25% DES 
(Tables-21-24). Their occurrence at metaphase I was comparatively 
lower than that at diakinesis and metaphase 1 of Mj and diakinesis of M^ 
generations. 
4.4.2.6. Precocious separation: 
Precocious separation of chromosomes was found in different 
frequencies in different mutagens. In 6-BAP it was 0.04 and 0.08 per 
cell in 60 and 30 ppm respectively (Table-21). In caffeine its frequency 
was 0.04 per cell in 0.50, 0.75, \.0% concentrations and 0.08 per cell 
in 1.25 and 1.50% concentrations respectively (Table-22). In 8-HQ. its 
frequency was 0.04 per cell in 0.25, 0,50, 1.0 1.25 and 1.50% 
concentration (Table-23). In DES its frequency was 0.04 per cell in 0.75, 
1.0,1.50 %) concentrations and 0.08 per cell in 1.25%) concentration 
repectively (Table-24). 
4.4.2.7. Stickiness : 
The stickiness among chromosomes occurred randomly. The 
frequency was 0.08 per cell in 50 and 70 ppm and 0.12 per cell in 60 
ppm 6-BAP (Table-21). In caffeine the frequency was 0.04 per cell in 
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0.75% concentration and 0.08 per cell in 1.0,1.25 and 1.50% 
concentrations (Table-22). In 8-HQ the frequency was 0.04 per cell in 
0.25%; 0.08 per cell in 0.50,1.50% and 0.16 per cell in 1.0% 
concentrations (Table-23). In DES the frequency was 0.04 per cell in 
0.25%; 0.08 per cell in 0.50,0.75,1.25% and 0.12 per cell in 1.50% 
concentrations (Table-24). In higher concentrations the frequencies of 
abnormalities were higher, but the C.Vs were low. 
4.4.3. Chromosomal abnormalities at anaphase I: 
4.4.3.1. Bridges: 
The frequency of bridges increased as the concentrations of 
mutagens increased. In control there was no bridge formation but in 
treated populations it increased from 0.08 per cell to 0.28 per cell in 
20-70 ppm 6-BAP with slight fluctuations in intermediary doses 
(Table-21); from 0.08-0.28 per cell in 0.25-1.50 % caffeine (Table -22); 
from 0.08-0.24 per cell in 0.25-1.50% 8-HQ (Table-23) and from 
0.08-0.28 per cell in 0.25-1.50% DES (Table-24). 
4.4.3.2. Laggards: 
No laggards were recorded in control population, but their 
frequencies increased (with few exceptions) from 0.12-0.20 per cell 
in 20-70 ppm 6-BAP; from 0.12-0.24per cell in 0.50-1.50% caffeine; 
from 0.04-0.24 per cell in 0.25-1.50% 8-HQ and from 0.04-0.20 per 
cell in 0.25-1.50% DES treatments (TabIes-21-24). 
4.4.3.3. Unsynchronized separation of chromosomes: 
Unsynchronized movement of chromosome was not seen in 
control as well as 6-BAP, but it was present to be 0.04 per cell in 1.25, 
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1.50% caffeine; 1.0,1.25,1.50% 8-HQ; 0.50,1.25,1.50% DES and 0.08 
per cell in 0.75% DES (Tables-21-24). 
4.4.3.4. Unequal separation of chromosomes: 
The frequency of unequal separation was very low in M^  
generation at anaphase I. It was observed to be 0.04 per cell in 40 ppm 
6-BAP, 1.25% caffeine, 1.25% 8-HQ and 0.08 per cell in 0.50 % 
caffeine only (Tables-21,22,23). 
4.4.4. Chromosomal abnormalities at telophasel: 
Abnormalities at telophase I were very low in M^ generation. 
Unequal division was seen to be 0.04 per cell in 1.50% caffeine and 
DES only (Tables-22,24).Micronuclei and laggards were not seen in 
any concentration of 6-BAP, caffeine, 8-HQ and DES. 
4.4.5. Chromosomal abnormalities at prophase II : 
4.4.5.1. Fragments: 
The fragments were observed to be 0.04 per ceil in 20 ppm 
6-BAP, 0.75% caffeine and 0.08 per cell in 40 and 60 ppm 6-BAP only 
(Tables -25,26). These were not found in any concentrations of 
8-HQ and DES treatments. 
4.4.5.2. Stickiness : 
Stickiness among the chromosomes at prophase II occurred 
rarely. The frequency was 0.08 and O.OAper cell in 60 ppm 6-BAP and 
1.50% caffeine only (Tables- 25,26). 
4.4.6. Chromosomal abnormalities at metaphase II: 
4.4.6.1. Fragments: 
The fragments did not occur in all doses, rather they were 
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observed in some random doses of all the mutagens. The frequency was 
0.04 per cell in 70 ppm 6-BAP, 0.75% 8-HQ, 1.0% DES; 0.08 per cell 
in 1.0,1.25% 8-HQ, 1.25% DES; 0.12 per cell in 1.50% 8-HQ, 1.50% 
DES and 0.16 per cell in 60 ppm 6-BAP (Tables-25-28). 
4.4.6.2. Precocious separation of chromosomes: 
The precocious separation of chromosomes at metaphase II 
had also occurred in random doses of all mutagens. The frequency 
was 0.08 per cell in 20 and 30 ppm 6-BAP and then decreased to 0.04 
per cell in 70 ppm (Table-25). In caffeine it was present in higher 
concentrations and the frequency ranged between 0.04-0.12 per cell 
in 0.75-1.50% concentrations (Table-26) .It increased from 0.04-0.08 
per cell in 0.25-1.50% 8-HQ concentrations (Table-27). In DES the 
frequency was 0.04 per cell in 0.75,1.0,1.50% concentrations while 
0.08 per cell in 1.25% concentration (Table-28). 
4.4.6.3. Unsynchronized movement of chromosomes: 
Unsynchronized movement of chromosomes at metaphase II 
were rarely seen. However, the frequency was 0.04 per cell in 1.50% 
caffeine and 0.08 per cell in 0.75% DES only (Tables-26,28). 
4.4.6.4. Stickiness: 
Stickiness among the chromosomes was not found in control. 
In treated populations it occurred randomly. The frequency was 0.04 
per cell in 50 ppm 6-BAP;0.75, 1.0, 1.25% caffeine; 0.25,0.50 & C.75% 
DES.It increased to 0.08 per cell in 60 ppm 6-BAP; 1.50% caffeine; 
0.50,1.0,1.25 and 1.5% 8-HQ; 1.0, 1.25% DES and 0.12 per cell in 20, 
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20, 70 ppm 6-BAP; 0.75% 8-HQ; and 1.50% DES (Tables-25-28). 
4.4.7. Chromosomal abnormalities at anaphase II: 
4.4.7.1. Bridges: 
Bridge was not seen in control. In treated populations its 
frequency increased from 0.08-0.24 per cell in 30-70 ppm 6-BAP 
(Table-25); from 0.04-0.24 per cell in 0.25-1.50%) caffeine (Table-
26); from 0.04-0.28 per cell in 0.25-1.50% 8-HQ (Table-27) and from 
0.08-0.24 per cell in 0.25-1.50% DES treatments (Table-28). 
4.4.7.2. Laggards: 
Laggards did not occur in control and 0.25% 6-BAP. In other 
doses the frequency of laggards increased from 0.12-0.28 per cell in 
30-70 ppm 6-BAP (Table-25); 0.08-0.24 per cell in 0.25-1.50% 
caffeine (Table -26); 0.08-0.24 per cell in 0.25-1.50% 8-HQ 
(Table-27) and from 0.04-0.20 per cell in 0.25-1.50%> DES (Table-28). 
4.4.7.3. Unequal Separation of chromosomes: 
Unequal separation of chromosomes was not found in control, 
all the concentrations of 6-BAP and most of the concentrations of 
caffeine, 8-HQ and DES. However, they occurred to be 0.04 per cell in 0.75% 
caffeine, 1.0% 8-HQ and 1.25% DES treatments only (Tables-25-28). 
4.4.7.4. Unsynchronized Separation of chromosomes: 
Unsynchronized separation was rarely seen in anaphase II,and 
its rare frequency was 0.04 per cell in 0.25 and 1.25% 8-HQ only 
(Table-27). 
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4.4.7.5. Stickiness: 
Stickiness could not be found at anaphase II in any treatment 
of 6-BAP, caffeine, 8-HQ and DES. 
4.4.8. Chromosomal abnormalities at telophase II: 
4.4.8.1. Unequal division: 
Unequal division of chromosomes was not found in control 
as well as most of the concentrations of treated populations. It was 
present to be 0.04 per cell in 0.50% caffeine & 0.50% 8-HQ and 0.08 
per cell in 1.50% 8-HQ only (Tables-26,27). 
4.4.8.2. Laggards : 
Laggards were observed to be 0.04 per cell in 0.50% 8-HQ 
& 1.25% DES; 0.08 per cell in 1.25% caffeine, 1.50% 8-HQ and 1.50% 
DES treatments (Tables-25-28). 
4.4.8.3. Micronuclei: 
Micronuclei were also rarely observed in treated 
populations. The frequency was 0.04 per cell in 70 ppm 6-BAP, 
1.0,1.25%, caffeine, 0.50% 8-HQ and 0.75% DES only (Tables-22-25). 
At meiotic II division the abnormalities were comparatively 
lesser and they occurred in random doses of mutagens. Resultantly the 
C.V. did not follow a definite pattern. Moreover, the frequency of 
abnormalities increased in higher concentrations, but their C.Vs were 
comparatively lower, indicating that the abnormalities were uniformly 
distributed in the affected populations. 
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4.5. MUTANTS IN M^  GENERATION: 
The seeds of selected variants collected in M, generation were 
sown in M^  and morphological study of each segregant was carried 
out in detail. 
4.5.1. Mutants in 6-BAP: 
Five mutants had been selected in M^  generation which were 
inherited from 6-BAP induced variants of M, generation. Most of the 
mutants were negative but few were positive, which had improved 
yield along with other characteristics in comparision to control as well 
as negative mutants. In 40 ppm concentration two mutants were 
obtained which were dwarf and inferior to control (Table-29 AB). 
Moreover, one of them was sterile and did not bear fruits (Table-29 
B). In 50 ppm 6-BAP the plant was dwarf, weak with thick leaflets and 
poor yield (Table-29 C). In 60 ppm both mutants were taller than control 
and showed profuse branching, increased number of leaves and high 
yield (Table-29 DE). 
4.5.2. Mutants in caffeine: 
In caffeine treatment four mutants were isolated in M .^ In 
0.75% caffeine the single plant showed unequal leaflets, slightly 
decreased height and yield (Table-29 F). In 1.0% concentration the 
plant was taller than control, showing increased number of broad leaflets 
and higher yield (Table-29 G). In 1.25% concentration the mutants 
showed increased height, profuse branching, increased number of broad 
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leaflets and higher yield (Table-29 H). In 1.50% concentration the 
plant was taller with profuse branching, higher number of leaflets and 
increased yield (Table-29 I). 
4.5.3. Mutants in 8-Hydroxyqumoline: 
Four mutants were selected in M^ generation. In 0.50% 
concentration one plant hadincreasedheight, profuse branching, increased 
number of leaves and higher yield (Table- 29 J), while other one was 
inferior to control in height, branching and yield (Table- 29 K). In 
1.0% 8-HQ one plant was considerably taller than control with slightly 
improved yield (Table- 29 L), while the other had normal height and 
poor yield (Table- 29 M). 
4.5.4. Mutants in DES: 
Five mutants were isolated. In 0.50% concentration the plant 
was taller than control with increased yield and number of notched 
leaflets (Table-29 N). Out of two dwarf mutants in 0.75% DES one 
mutant had significantly condensed nodes and internodes and 
decreased number of branches without pods (Table- 29 0). The other 
one was also inferior to control but yielded considerable number of 
seeds (Table- 29 P). In 1.0% concentration the plant was dwarf showing 
unequal and notched leaflets with decreased yield (Table- 29 Q). In 
1.50% concentration also, the mutant was shorter than control, number 
of leaflets was normal but smaller, unequal and thicker. The plant had 
poor yield (Table-29 R). 
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GRAPH -11. Seed Germination (M, Gen.) 
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GRAPH -12. Frequency of Variations (M, Gen.) 
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GRAPH -13. Av. Ht. of Mature Plants (M, Gen.) 
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GRAPH -14. Av. No. of Leaves Per Plant (M, Gen.) 
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GRAPH -15. Av. No. of Leaflets Per Plant (M, Gen.) 
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GRAPH -17. Av. No. of Pods Per Plant (M, Gen.) 
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GRAPH -19. Wt. Per 100 Seeds (M, Gen.) 
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GRAPH - 20. Pollen Fertility (M, Gen.) 
f4> 
1001 
90 
80 
70 
eo 
so 
40 
30 
20 
10 
0 
-6-BAP 
-Caffeine 
8-Ha 
-DES 
0.25 0.50 0.75 1.00 1.25 1.50 % 
20 30 40 50 60 70 PPM 
Cone, of mutagens 
O 
o 
(U 
c 
O 
c 
' ^ 
PQ 
I 
J3 
T3 
U 
•4-> 
(L> 
en 
•4-J 
1—N 
E 
o 
o E 
o 
i 
2 
a. 
o 
(X, 
o 
a. 
o 
o 
2 
a, 
O 
O H 
O 
i 
1 
o 
> 
cJ 
D 
Vi 
2 
> 
D 
S 
> 
Q 
s 
> 
s 
> 
u 
D 
S 
> 
D 
2 
> 
S 
= 5 g 8 1 
r- ro t o f N 
« 1 ^ « s 
— o c> o o o 
— M O O O O 
NO f»l O P i f O 
a . O VO * 
- k o o d o o 
— <s o o o o 
p ? 5! $ 1 
vo m o n 1- N 
o — ^ -" n 
— o o o o o 
S o M •* tS 
00 P 1 P -r 
—• t*l O O O O 
»n m ^ N o m 
V~l ^ - ^ W1 —« 
g 2 2 Pj ?^  
— d d o o o 
? 1 - Tf M 00 
00 P P - : p 
— r'l O O O O 
*n en o m ^ o 
d d o d d o 
cs 
>n 00 00 Tf 
,0 P P p 
— m o d d o 
^ m ^ TT o Tj-
^ Qv CTv Ov Ov 
00 (S ^ — « 
o o o o o o 
o 
NO O ^ ^ ^ 
oc - r P P P 
— ro o o o o 
00 r^ 
»n c*^  O O O O 
oc o 
o — 
— o o o o o 
00 
oo' ^ 
— f*^  O O O O 
^ 1 
S £ ^ "g ^ g n 
11 i 11 ^  1 
a. CJ U 2 t i r~ M 
2! fc "0 
«r> fS O O o O m 
d o o o o o o 
oo 
^ — 00 
K o; P 
— <s o o o o o 
p p g 8 E 
•T) m •» o o t N 
P £ S * S 
oo o -" -" <»i 
d d d o o o o 
8 00 5 ^ *~< f^ oo P O — 
— fs d o o P o 
m ts o o o o m 
si ^ 
d d o o o o o 
— ts o o o o o 
S 2 g 
ir i m p O t O O 
00 0 \ ON 
ON P t^ 
d d o o o o p 
00 
•V '-' 00 
S •'i P 
— <S O P O O O 
•<f n o P o f»i o 
00 p r { 
d d o o o o o 
S S 00 
r-: o; P 
— fS O p O O O 
NO NO 
NO —• 
^ rK o O o o O 
NO C*l (S ON 
00 O 
d d o o o o o 
— fS O p O O O 
ON O 
00 i n 
wS en O P O O P 
v\ O 
O —1 
— d o p o o o 
ON 00 
— fS p p O O O 
-a o. 
1-1 S t> 
•> « a •£ 2 
t P 11 •§ 1 i 1 
2 1 i l 5 i , § | 
11 
M rr, o O O O O 
II 
o o o o o o o 
o o o o o o o 
Si8 
M n o p o o o 
Is 
o o o o o o o 
d o o o o p p 
m •>» o o o o o 
o o o o o o o 
d d p o P O O 
O N ! 
§ R o ? o o o 
§ 5 « 
d d o d o o o 
C-l NO 5 
d d o d o o o 
•T R O p O O O 
O O O O O O O 
O O O O O O O 
f i tn o o o o o 
^ 9 
o d o o o o o 
§ 2 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
itlllill! 
J 
I 
o 
II 
> 
Q 
1 
II 
Q 
CO 
2 
II 
2 
in 
O 
c 
c 
o 
Q 
-c 
^ 
Q 
•«•* 
y 
^ 
3 
a 
B 
o 
O £ 
o 
O 
I 
u 
o 
o 
c 
O 
o 
O 
O 
1 
en 
C 
O 
c 
g 
g 
o 
o 
> 
O 
03 
s 
> 
o 
D 
en 
s 
> 
O 
1/3 
s 
> 
Q 
2 
> 
u 
Q 
s 
> 
Q 
CO 
S 
> 
o 
2 
P 
u it 
i*^ m o m ^ f*i 
w-i * n ^ f 
o o *n ^ r^  
-^ o o o o o 
OQ O • - O O 
" m O O O O 
" S; 2; « S 
»n <N o m (*) ^ 
O 00 O — so 
oc oc t*) t^ O^ 
5 ; o • * f i — 
o o o o o o 
8 n «s oe 5 
00 O — O O 
—< *^^  o o o o 
»n f*^  ^ rr o o 
00 ^ ^ r* 
^ O ^ OS 
OS « ^ (<1 
o o o o o o 
f*) »n '«t OC 
00 O O O 
" r^  o o o o 
»n r^  ^ Tf o o 
vo C^  ^ C^  
— o o o o o 
!/-> 0 \ Tt ^ 
00 O O O 
— f«^ O O O O 
5^  S 8 
^ (^ O O ^ O 
— o o o o o 
oe o o 
" r<i O O O O 
>^ r^ O O O O 
o o o o o o 
V^ 00 
oo => 
" f*^  O O O O 
o o 
06 fTj 
>^ <*1 O O O O 
00 O 
o — 
~ o o o o o 
00 
»o — 
00 ^ 
^ m o o o o 
91 
1 i 
iiiiiii 
l i l l e l l 6- o u 2 (t it S 
CJ 2 e. 00 ao 
m f*^  o o '^ tn rn 
is ^ ^  ^ 
— o o o o o o 
o 
fn 00 00 00 00 
t ^ 00 O O O 
— ts o o o o o 
" * £ 00 00 
<r> M o o O («i m 
o o o o o o o 
M 
m cs 00 oo 
f^ bv o o 
- • <s o o o o o 
t/^  rn o o o ^ f^ 
00 00 ON t ^ (> O — fS 
o o o o o o o 
? O TJ- 00 
t^ cK o o 
-< n o o o o o 
\o m o o o '^ •^ 
vO ^ ON ON 
— O O O O O O 
— N O O O O O 
« M O O O t O 
— o o o o o o 
00 
— n o o o o o 
r- 00 
m m o o o o o 
00 c-
S 8 
o o o o o o o 
o 
— cs o o o o o 
00 m 
<n CI O O O O O 
w^ O 
o — 
— o o o o o o 
ON 00 
— ts o o o o o 
3 R 
^ S 1 o l o o 
o o o o o o o 
?^  Si § S 
o o o o o o o 
r! 8 Tf TT o o o 
o o o o o o o 
2 ^ S S 
o o o o o o o 
^ m o o o o o 
II 
o o o o o o o 
o o o o o o o 
{0 
•«»• m o o o o o 
o o o o o o o 
o o o o o o o 
2 S iC 
cs ts o m o o o 
o o o o o o o 
2 2 § 
o o o o o o o 
m o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
1 
ftili}}! 
I 
o 
I 
u 
e 
g 
o 
II 
> 
§ 
n 
II 
Q 
(0 
2 
n 
1/3 
C/3 
o 
c 
o 
a 
V-i 
a> 
C 
O 
a 
X 
00 
C/3 
3 
£ 
o 
en 
O 
U 
o 
8 
o 
J? 
o 
o 
1 
c 
o 
1 
c 
u 
g 
o 
O 
> 
6 
•s. 
> 
d 
2 
> 
d 
2 
> 
d 
d 
S 
> 
d 
d 
S 
> 
d 
d 
2 
> 
d 
d 
03 
s 
1 5 
u £ 
»n rs o r>i o m 
oe 00 H t -
ov p wi N 
o o o d o o 
1 s ^ § 
- - r i o o o o 
«n M o rS o <&• 
O 00 f») VD 
o o * — 
— o o o o o 
i s s s 
— f i O O O O 
v^ tN ^ PI o rr 
00 t>- \p fn ^ 
^ vo ^ Tf ^ 
^ o ^ »/^  ^ 
o c> o d o d 
c^ vn Tt \c •^ 
05 O O — O 
— r<S d d o d 
w^ tN •q- m O O 
— fS vp — 
S § 2 ?^  
— d d o o o 
W-J 0 \ Tt 00 
oe o o o 
— rn d d o o 
^ .^ S g 8 
<n fN Tf •V Tt O 
?J JS ^ S « 
o o -^ ^- *-
— d d d d o 
5 t-- -^ ^ ^ 
oo' P o p p 
— fn d d d o 
00 TJ-
S fn p o o o 
00 r^ 
n — 
— o o p o o 
' - f*l O O O O 
00 c^ 
*^ m o o o o 
00 O 
O "^ 
-^ o o o o o 
00 
so *^ 
oe' "t 
— m o o o o 
en 
1 i 
•^ 2 
§• . 1 1 1 1 -s 1 
«'' f'^  r^  1 ,2 (£ -O 
eu O CJ 2 l i . t~- w 
^ m P o P ^ r i 
m 00 ON r-
06 p ~ f i 
d d o o o P P 
^H \o ^ 0 0 
p,- a p p 
— H p p p d d 
P P o 
*ri (*l P P P ^ P 
0 \ P — 
d d o o o P P 
00 
IN 00 • * 
l < 00 P 
— r i o o o d p 
oo 
m 
00 g p p o; 
Tf M O P •» TT H 
c^  o M sp t -
5 00 ON C^ NO 
00 o f*^  ^- f*) 
d d o p p d p 
§ p 00 Tt vo 
f^ cR p p — 
— r i o p d d d 
=0 P S 
n n p p t P p 
d d o o p p p 
o 
\o f*^  -^ 
K ON P 
— tN| P P P P P 
»n m p p P •^ f*^  
00 ^ ^ ^ 
f*) ON ON r^ 
ON p -" H 
p p o p p d d 
NO m Tf 00 
1^ ON P P 
— r i p p p d d 
f"* ON n n 
m n o o o Tf Tf 
NO ON ^ NO 
t - t - ON * 
NO P — — 
d d p p p d d 
00 
NO t t • ^ 
t^ ON O O 
— <s p o P d d 
ON P 
00 »r> 
>rl en o o P o p 
»r» p 
P •-' 
— d P p p p p 
ON 00 
— «N| P P P P O 
g 
•" a a € 2 
2 § 8 
<N <S ^ O O O O 
<S w^ vp 
^ 00 ^ 
»n »ri •—• 
o o" o o o o o 
a s s 
d d d p p p p 
8 8 
«S f<J Tf ^ O O O 
«n cs sp ^ 
00 r*^  CTi o \ 
»0 vo <—" - ^ 
o o o o o o o 
S 8 S S 
o <6 d o p p p 
<NJ ON © 
S 8 •» p p p p 
NO m ^ 
'O ^ ON 
d d p p O O P 
p NO • * 
M — O 
d d d o O O P 
ON" ON 
fS " O O O O P 
d d p p p p p 
NO NO 
d d p o p p p 
00 
c-i 1 - o o o p p 
(S ON 
P P O O P P P 
(N 00 
— P 
d d o o o o o 
00 o 
en • * O P P O O 
p d o p P O P 
00 •^ 
p p 
o d p p o o o 
P P P O O O P 
p p p o p o o 
O O O O O O P 
o 
a: 
niiiiii§ 
I 
i5 
u 
o U 
> 
I 
1 I 
1/3 
II 
Q 
CO 
§ 
u 
O 
'S 
c 
o 
c 
u 
O 
1/3 
Q 
t-H 
-t-J 
W3 
3 
S 
o 
o 
e 
o 
X 
U 
1) i 
o 
8 
J? 
o 
J? 
o 
o 
i 
C 
o 
to 
g 
o 
U 
> 
u 
n 
2 
> 
Q 
03 
s 
> 
Q 
2 
> 
Q 
s 
> 
Q 
IZI 
S 
> 
U 
D 
1/1 
2 
> 
U 
Q 
(/! 
S 
Is 
•"= £ 
U K 
2 K » <^  a 
^ *'^  en 00 c^  
vc f*^  m m o ^ 
2 S ? 2 S 
— - - N \a — 
— o o o o o 
1 § § i2 S 
— m o o o o 
vo o o F< o m 
= g § ?1 
— o o o o o 
so 
C-» Tj- \0 00 
00 ° -" ° 
-^ fn o o o o 
V i r*^  ^ Tf o o 
00 O vp CI 
rf i CTi 0 \ 0> 
ON O —• t>i 
o o o o o o 
^ \ o ^ 00 
00 O O O 
— f l O O O O 
ts — t - o 
v-> m o O O O 
oo cs 
o o 
— o o o o o 
00 O 
— n o o o o 
r^ <*i o o ^ f*^  
— o o o o o 
00 
Tt Ov ^ 0 0 
0 ( 0 O O 
— m o o o o 
»n <s o o o o 
00 O 
«n -00 
o o 
— o o o o o 
o 
\0 O 
00 " " 
— f<1 O O O O 
— o 
00 f*^  
•n f») o o o o 
00 O 
o ^-
— o o o o o 
00 
so M 
oo "^ 
— m o O o O 
a S ^ "S +- S M 
l l l l l l l 
a- u u 2 (i: ?; 5 
^ S 8 8 S 
*» <s S* o o t N 
^ 00 ^ ^ M 
00 O ' ^ — f^ 
o o o o o o o 
— M O O O O O 
t ^ jr i w^ 
<n t^ t^ 
S! S C 0< 00 00 
>n <s V o m m m 
00 m ^ f l —^  ^-
a § 2 s? i Js 
o o o o o o o 
^ O ^ ^ 00 00 
f^ JR o — o o 
—• N O O O O O 
2£? i s 
1- n o o i»i ^ o 
—. m M ^ 
S o « " 
o o o o o o o 
S t - - \0 t (^ &v - O 
« r« o o o o o 
00 ^ o o V t n 
a s S! S p: 
— o o o o o o 
§ rp 00 5 00 (., 0> O O O 
~ «s o o o o o 
»n m o o ^ o f*i 
o o o o o o o 
« 5 Tt 00 
t~- CT> O O 
— M O O O O O 
<n n o o o o ^ 
O O O O O O O 
00 
|-> * O 
— N O O O O O 
o> o 
00 m 
«rt r i o o O O o 
w-k O 
o — 
— o o o o o o 
0> 00 
1 - <^ 
— M O O O O O 
1 
•a a 
I-I > u 
^iilli 1 i 
, i ^ 5 = 2 e s s 
^ ^ 1 o l o o 
o o o o o o o 
o o o o o o o 
5 S 8 
fS m • » O O O O 
O O O O O O O 
s ^  s 
O O O O O O O 
S S o o o o o 
1% 
o o o o o o o 
o o o o o o o 
S !J) m o o o o 
I IS 
o o o o o o o 
2 2 § 
o o o o o o o 
^ TT T t o O O O 
1^^ 
O O O O O O O 
2 § S 
O O O O O O O 
R -"t O O O O O 
O O O O O O O 
O O O O O O O 
o o o o o o o 
o o o o o o o 
o o o o o o o 
! 
Iiiliiil 
J 
u 
iS 8 
o 
II 
> o 
I 
I 
Q 
II 
2 
o 
o 
c 
O 
OQ 
43 
1/3 
w 
-5 
;3 
-t-> 
13 
S 
o 
O 
J3 
U 
i 
2 
0 . 
O 
r~ 
S 
£ 
o 
o 
S 
CU 
o 
*rt 
S 
Cu 
o 
• < 1 -
2 
cu 0 , 
o 
m 
cu 
cu 
o 
1 
^ 
S 
o 
1 
s 
> 
d 
K 
S 
> d 
Q 
CO 
S 
> 
CJ 
d 
> 
CJ 
d 
2 
> 
u 
d 
oi 
s 
> 
u 
d 
> 
d 
K 
2 
cn 
1 I 
o o 
o o 
o o 
»n 
t ^ 
% t 
1% 
o o 
§, § 
o o 
o o 
o o 
o o 
p 
t S o 
^ 
d o 
o o 
o o 
o o 
o o 
$ 
Tf O 
^ 
d o 
o o 
o o 
o o 
o o 
ill 
1 
* 
— o 
5 
^ (^  f * l 
OS 
^ 
cn 
^ 
o 
— 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
a 
l! 
% 
« 
d 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
r-
00 
U 
d 
ec 
o 
d 
00 
f*^ 
t » l 
s 
d 
00 
o d 
o 
o 
o 
Q. 
o 
CO 
i n 
1 
0 1 
O 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8-
•8 
1 
0 0 
g 
« 
•^  o 
M 
d 
»r i 
r~ 
0 0 
fn 
^^  
?i 
o 
00 
o d 
S 
* 
^ 
d 
o 
d 
o 
o 
o 
o 
o 
o 
00 
d i ^ 
<s 
o 
f S 
d 
o 
o 
o 
en 
Vi u 
1 
czi 
» 
§ 
0 0 
d 
^ 
o 
o 
0 0 
r i 
m 
-so 
d 
^ 
o 
3 
M 
0 0 
d 
8 
d 
c^ 
f * i 
o 
d 
d 
1 
Si 
o 
00 
o d 
o 
o 
o 
o 
o 
o 
S 
PC (J 
5' ** 
<: a 
o 
g 
1^  
o 
0 0 
o 
8 
vd 
CO 
M 
d 
R 
o 
o 
00 
m 
d 
d 
52 
d 
d 
o 
9 d 
<s 
d 
o 
o 
o 
o 
o 
o 
1 
: 3 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8-
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
a. 
u 
Vi «> 
•3 1 
o o •<»• 
« 
o o d 
? 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
M 
O 
g 
U 
II 
> 
e o 
Q 
I 
1/1 
II 
Q 
w 
2 
II 
1/2 
O 
'5 
o 
c 
<u 
O 
D 
C 
a U 
CO 
U 
••-> 
c« 
B 
o 
O 
E 
o 
j = U 
I 
i 
o 
» A 
CN 
8 
2? 
t^ 
O 
^ 
o 
O 
<s 
o 
1 
g 
u 
c 
c 
c 
ce fa 
c 
c 
U 
> 
U 
Q 
v: 
2 
> 
u 
a 
> 
u 
Q 
2 
> 
O 
Q 
!Z1 
> 
u 
a 
Vi 
2 
> 
u 
D 
K 
s 
> 
u 
a 
w: 
2 
o U 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 
•a-
S 
"^ 
s 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
il 
1 
* 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
li 
00 
o 
8 
o 
IS 
o 
00 
s 
o 
ao 
o 
o 
8 
^ 
$ 
o 
o 
o 
8 
* 
s 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
u 
VI 
3 0 
o 0 
o 
u 
O 00 
s s 
o o 
s g 
o o 
8 
o •» 
* 
o o 
s 
o o 
8 
o •» 
s 
o o 
o 
o o 
8 
o •«• 
$ 
"-• o o 
o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
•g 
N i -11 
s 
0 0 
o 
f i 
o 
5? 
o 
o 
m 
o 
o 
cs 
o 
8 
•>»• 
fn 
o 
00 
o 
o 
t -
00 
m 
s 
o 
00 
o 
o 
% 
g 
o 
o 
o 
o 
o 
o 
< 5 
o 
00 
o 
?5 
1 
o 
<^  o 
0 0 
a 
s 
O 
o 
m 
ro 
m 
' J -
o 
o 
8 
TJ-
f S 
ON 
n o 
00 
o o 
8 
^ 
s 
'^ o 
00 
o 
o 
oc 
s 
o 
00 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8-
60 
•B 
a 
1 
c D 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 
•>a-
^ 
-^o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
u 
• « 
3 
c D 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
s 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 
^ 
s 
o 
§ 
o 
o 
o 
o 
o 
o 
o 
11 
o 
o 
o 
0 0 
^ 
o 
00 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
1 
* 
o 
1 -
o 
o 
8 
•<»• 
* 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
i 
§ 
2 
I 
o 
U 
> 
i 
I 
D 
2 
II 
2 
C/3 
O 
o 
D 
c 
O 
a 
00 
D 
-5 
+-> 
CO 
O 
c« 
O 
e 
o 
u 
I 
i 
o 
-
8 
8 
" 
r-
o 
S? 
o 
o 
^ 
<n 
O 
1 
^ 
V 
C 
O 
c o 
c 
O 
> O 
D 
OS 
s 
> U 
D 
M 
2 
> 
D 
va 
S 
> o 
D 
tn 
S 
> 
CJ 
D 
Vi 
•s. 
> 
o 
Q 
w 
2 
> 
o 
D 
CO 
2 
i ^  
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
ill 
0\ 
iJ! 
1 
o 
2 
o 
w^ 
t v 
w 
R 
^ 
° 
§ 
o 
1 
s 
° 
0 0 
o 
o 
% 
s 
s 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
}} 
0 0 
f<1 
^ 
o 
§ 
o 
m 
r~ 
ae 
^ 
o 
ao 
O 
o 
1 
^ 
o 
T t 
o 
o 
ao 
^ 
ao 
O 
o 
s 
* 
^ 
o 
•<t 
o 
o 
8. 
rt 
^ 
o 
o 
o 
o 
o 
o 
8-
g 
{C 
0 0 
^ 
o o 
00 
o 
o o 
«n 
l~-
0 0 
O ««1 
?1 
o o 
00 
o 
o o 
00 
o m 
^ 
o o 
0 0 
o 
o o 
0 0 
o 
o R 
o o 
o o 
0 0 
o r^  
S 
o o 
0 0 
o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
8-
en 
•8 
H 
•6 s 
D 5 
r-a 
i 
o 
?? 
o 
s 
H S 
o 
^ 
o 
OS 
o 
9 
o 
c-« 
o 
0 0 
S 
o 
00 
o 
o 
s rr 
o 
0 0 
o 
o 
s 
* 
« 
o 
•<r 
o 
o 
o 
o 
o 
V 
n 
t" 
Ha 00 
x> R 
0 0 
o 
^ 
o 
o 
oo 
f 4 
8 
o 
8 
o 
s 
g 
o 
M 
O 
Ov 
o 
9 
o 
I— ' 
O 
0 0 
m 
S 
o 
0 0 
o 
o 
8 
sa-
r i 
n O 
00 
o 
o 
o 
o 
o 
2 
o 
o 
o 
1 
s 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 
• * 
s 
o 
o 
o 
o 
o 
o 
8-
•8 
N 1 
1 
o o 
o o 
o o 
o o 
o o 
o o 
8 
§ 
o o 
• * 
o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
CO « 
•a 1 
p 
R f o 
^ ^ 
o o o 
§ § 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
8 8 8 
T t • » •«• 
^ s s 
o o o 
TC Tl- T t 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
M 
o 
I 
8 
u 
II 
> 
u 
I 
CO 
<i 
Q 
II 
e 
o 
c 
o 
c 
O 
00 
D 
3 
S 
o 
o 
£ 
o 
O 
00 
I 
O i 
o 
8 
o 
o 
o 
o 
U 
C 
o 
g 
g 
o 
u 
> 
U 
00 
s 
> 
Q 
CO 
s 
> 
D 
:2 
> 
D 
00 
S 
> 
D 
CO 
2 
> 
Q 
CO 
2 
> 
O 
Q 
CO 
2 
e _ 
a •5 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
« •. 01 
s s s 
• s i s ill 
IB- U. CO 
g 1 
1 * 
0 0 
2 S 
0 0 
1 R 
0 0 
0 0 
§ 1 
0 0 
s s 
0 0 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
}!1 
0 rJ 
0 0 
0 0 
8 
0 rr 
c^ 
0 0 
00 
0 
0 0 
00 
0 n 
0 0 
00 
0 
0 0 
en CK 
0 0 
05 f 
0 0 
0 0 
8 
0 n 
0 0 
0 
0 0 
0 •v 
0 0 
0 
0 0 
0 0 
0 0 
0 0 
8-
00 
s ^ 
•§ 1 
s 1 
m ri 
S S 0 0 0 
00 \0 
0 0 0 0 0 
rf 0 
0 0 0 0 0 
0 
tc 00 cK 
IN m 0 •» 0 
to -^ ^ 
0 0 0 0 0 
R 2 S 
0 0 0 0 0 
PI m 
m fn 0 0 0 
0 0 0 0 0 
SO \o 
0 0 0 0 0 
n m 0 0 0 
0 — 
0 0 0 0 0 
CS 00 
-" 0 
0 0 0 0 0 
^ s 
H '^  0 0 0 
0 0 0 0 0 
fS 00 
— 0 
0 0 0 0 0 
00 0 
n •* 0 0 0 
0 0 0 0 0 
00 rt 
0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
8-
CO 
•8 
S H a 
g 1 .^  « 
If 1 1 ^ ^ 
1 <s J 5 a s 
0 * 0 
n 
0 0 0 
s 
0 0 0 
8 
0 -a- 0 
0 0 0 
s 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 ? 
0 0 0 
0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
"a; B 
f2 5 J S 
I 
e 
o 
O 
II 
> 
•§ 
II 
D 
CO 
2 
II 
2 
c 
o 
a 
c 
O 
CO 
• ( - > 
C 
KJ 
+-> 
3 
-t-> 
O (D 
1 3 
00 
• 
ON 
IS 
o 
6 
•a 
u 
u 
e s 
U £5 
I" ' ^ 
en 00 
w 
u 
c 
a 
O K 
•a 
° 9. 
Z ^ 
Z i J 
o i 
u 
5 '? 
OS C 
6 ^ 
o S 
1 3 
O 
o 
2 
u 
e 
o 
c 
I 
2 U 
Ul 
O 
O 
a 
•-* 
u 
C g ^M 
— C o 
u 
2 "2 
"u 13 
2 
o 
o o o &. 
u 
'S 
a 
o * 
O 
J3?; 
BH 
u 
J3 
•o 
tl 
3 
1 
V-1 
x/1 "O 
S =^  
2 S 
-rt X I J3 
5i " ^ 
is o i2 
2 te o 
o, „ **^  
" S -
•T3 > 
O O 
•a i ' 
•a « 
u iJ 
^. *. 
^ O 
3 1 
> 
u 
u 
00 
O T 3 
VH ^ ^ 
i ^ 
2 ? l 
, w 
E C 
« • a ^ j 3 
£ u 60 2? 
u u 
•O "O 
a u 
s . 
a. cs 
o „ 
u •^ 
<n u 
C G 
o — 
U OS 
•-" 3 
a 3 
§1 
•a C 
&) OS 
> i i 
ex u 
U 3 
£ 00 
* S 
•Eg 
_, ^ 
u 
C 
OS 
U 
— iU 
OS c 
u — 
3 - ^ 
to" J 3 
"^ 3 
•O o r 
u u 
C 
3 
1 
? l :5s 
u 
•o •« * ; J3 
CO 
c S 
u ^ 
_ u 
•5 § 
u 
2 "S 
'?> — 
w « 
o S. 
o "^ 
o. u 
c 
K 3 
u 
•a z: 
O eS 
•- £ 
"• « 
A O 
1 
I 
i 
X I 
eo 
•O X! 
£ E 
g g g g 2 ' ^ 2 
cLo.'S. 0 .2 -2 S, 
^ 1 * - <4-. <»4 > , O - ^ 
i i « a « VH 3 g 
fS Q Q Q g,Bi =^  
o o o 
(N 1 — 
o 0 0 
00 0 
0 0 0 0 0 
— 00 OV 
r<^  vo <N 
(N (S <N 
0 
0 
0 
(N 
0 c 
00 Tj-
1 — r s 
0 
0 
•— 00 
t~- VO m t s o 
r<^  — Ov 00 00 
O ^ . °^ I - -
— — 1 O - - « 
VO 
00 
<N O 
00 r - —. 
VO <S t ^ 
— m ^ 
Q r r 00 
— VO Ov 
Ov 00 
00 00 «1 
<3 _ ovoo 
— 1 •— VO 
— 00 O v 
•"3-
<N VO 
VO > 0 
TT TT fO 
•q- <N ' T 
o r~-
>0 00 
<s — 
VO 
VO 
>n 
0 0 O v <Jv 
•t — •<r 
p -
Ov 
"A <A1 
— <s (N <N 
^ m VO 
(N r~ (N 
(S — fS 
oc 
Ov 
—^ 
— r - -q-
— r - Ov 
>n 
IN 
— 
o VO O Ov TJ- rv| 
00 
VO o 
VO 
— <N 
VO VO 
m in 00 
VO •^ i n 
VO r<i m o 
•/^  Ov rv| m 
VO 
VO 
00 t^ — 
m (S 00 — 
00 r - rvi <s Ov 
m m TT 
VO <s o rvl 
>o -q- <N cs 
Ov 
0 1 
ft, ^ ^ * ^ 
3 0- OH CL, 
2 OH CL, A-
- I O O O 
A. vc rr rr "^ 
2 p. p. 
o 
VO 
< 03 O 
2 
CL, 
O 
VO 
u 
c 
cs r-
y o 
b 
©v 
o 
o 
u^ O S O O O 
<S u^ K 
— — 00 
O W O u^ >Ai O O 
0 0 — — f i o o o — — 
O K - ti<i J z o 0- a 
123 
4.5. CYTOMORPHOLOGICAL OBSERVATIONS 
IN M3GENERATION: 
All the seeds collected from the selected and selfed mutants 
of M^ were sown in M3 generation . The seeds of general treated 
populations were sown separately to select the recessive mutants if 
any. The seeds of control plants were sown in each generation for the 
purpose of comparision. 
4.5.1. Morphological observations in M^  generation : 
All the selected mutants in M^  generation were selfed so as to 
protect them from contamination with any foreign pollen and to obtain 
a true mutant (Pure line). The seeds so obtained in M2 generation, 
particularly those of selected mutants, were given equal chance to 
develop in M3 generation. It was found that many characters were 
inherited to M3 generation without any segregation and such plants 
were recorded as true mutants. Detail observations made for general 
treated populations showing different parameters are given in Tables-
30-33 and Graphs-11-15. 
4.5.2. Cytological observations in M :^ 
Cytological abnormalities were studied in M3 generation also 
and the parameters were same as in Mj & M2 generations. Frequency 
of abnormalities was found to be lesser in comparision to Mj & M2 
generations due to repaired DNA injuries. Details of cytological 
abnormalities are given in (Tables-34-41). 
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4.5.3. Mutants in M^ generation: 
Seeds of selected mutants collected in M^ generation were 
sown in M3 generation. Protein estimation and morphological studies 
of individual mutants were carried out in detail. 
4.5.3.1. Mutants in 6-BAP treatment : 
Six mutants had been isolated in M3 generation which were 
inherited from 6-BAP induced variants of Mj and Mj generations. Most 
of the mutants were negative but few were positive and had improved 
yield and protein content. In 40 ppm concentration the mutant was 
slightly shorter than control with notched leaflets, poor yield and 
average protein content (Table-42 A-1; Figs. X-l,XIII-2). In 50 ppm 
concentration the plant was dwarf bearing small, round and thick 
leaflets and decreased protein content (Table -42C-l;Fig. X-2). In 60 
ppm concentration three mutants out of total four were taller than 
control. They exhibited increased number of leaflets, profuse 
branching, higher yield and increased protein content (Table-42 
D1,D2,D3; Figs.X-3,XII-l). Fourth plant in 60 ppm was also taller, 
showing fusion in leaflets, increased yield and normal protein content 
(Table-42-El;Figs.X-4,5). 
4.5.3.2. Mutants in caffeine treatments: 
Nine mutants (maximum) had been isolated in caffeine 
treatments. In 0.75% caffeine, the plant was dwarf, leaflets wavy with 
prominent veins, poor yield and protein content (Table-42-Fl; Fig X-6). In 
1.0% concentration all three mutants were taller than control plants 
(Fig. XII-2). One mutant had unequal, leathery, notched leaflets (Table-
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42-Gl; Fig.X-7), the other two mutants showed broader leaflets 
improved yield and protein content (Table- 42-G2,G3;Fig.X-8). In 
1.25% treatment all three plants were taller than control plants, bearing 
broader and more number of leaflets (Fig X-9). The yield increased in 
all three mutants. The protein content was lesser than control in one 
mutant (Table-42-Hl), whereas more than control in other two (Table-
42-H2,H3). In 1.50% concentration both the plants were taller, but the 
yield and protein content was lesser than control plants. One of them 
bore many deeply notched leaflets (Table-42-I 1; Fig.X-10). Moreover, 
in one mutant the size and weight per 100 seeds increased over control 
(Table-42-I 2; Fig.XIII-3). 
4.5.3.3. Mutants in 8-H.Q. treatments: 
Eight mutants were isolated in Mj.ln 0.50% concentration 
two mutants (J & K, Table-29) were obtained in M2, each of which 
gave rise to two mutants in M3 generation. One out of two segregants 
of 'J' was taller than control plant and showed increased length of 
internodes, broad leaflets and higher yield but normal protein content 
(Table-42-Jl; Fig. XIl-3), while in other mutant, besides the similarity 
in most of the characters, the margin of leaflets were wavy and the 
protein content higher (Table-42-J2; Fig. X-11). The progeny of'K' 
(mentioned as Kl and K2) were dwarf and had small and unequal 
leaflets. One of them showed poor yield and decreased protein content 
in the seeds (Table- 42-Kl; Fig. X-12 ), while in other the yield was 
low but the seeds were bigger and protein content higher (Table-42 K2 
Figs.XI-land XIIl-4). In 1.0% 8-HQ four mutants were isolated. Two 
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plants were taller than control out of which one had unequal papery 
leaflets and slightly increased yield (Table- 42-Ll; Fig.XI-2) and other 
showed normal leaflets, slight decrease in yield and protein content 
(Table-42-L2). The remaining two plants were of normal height. One 
of them had unequal deeply notched, thick leaflets with poor yield and 
decreased protein content ( Table 42-Ml; Fig XI-3), while the other 
exhibited reduced yield but increased protein content (Table- 42-M2). 
4.5.3.4. Mutants in DES treatments: 
Seven mutants were isolated in DES treatments. In 0.50% 
concentration both plants were taller than control, one of them had 
normal yield and protein content (Table-42-Nl; Fig. XlI-4), while the 
other had deeply notched leaflets, increased yield and protein content 
(Table-42-N2; Fig.XI-4). The colour of seeds (of N2 mutants) changed 
from brown to dark brown, the weight per hundred seeds decreased, 
indicating that size also decreased (Fig. XIII-5). In 0.75% concentration 
both plants were dwarf, having condensed internodes, small thick 
leaflets, with no flowering and fruiting (Table-42-Pl,P2; Fig. XI-5,6). 
In 1.0% concentration the mutant was dwarf having less number of 
leaflets, few of which exhibited reduction in size, shrinking, notching 
and leathery characters with decreased yield and protein content (Table-
42-Ql; Fig.XI-7). In 1.50^concentration both plants were dwarf. Nimiber 
of leaflets were normal but yield and protein content decreased in 
both mutants (Table-42-Rl,R2; Figs.Xl-8,XIIl-6). Moreover, one of 
them ( Table-42-R2) exhibited unequal,small, thick leaflets, light brown 
to brown coloured smaller seeds. 
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GRAPH - 21. Seed Germination (M, Gen.) 
§ 
• «-< 
1 
t 3 
100-
90 
80 
70 
60 
50 
40 
30 
20-
10 
0'' 
-<-6-BAP 
^^Caffe ine 
8-HQ 
-*-DES 
1 
0.25 
20 
^~:^:sa= 
1 
0.50 
30 
^ • " " • ^ a a . 
1 
0.75 
40 
==. 
1 
1.00 
50 
^ ~ ' * ~ - ^ 
1 
1.25 
60 
1 
1.50 % 
70 PPM 
Cone, of mutagens 
GRAPH - 22. Frequency of Variations (M. Gen.) 
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GRAPH - 23. Av. Ht. of Mature Plants (M, Gen.) 
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GRAPH - 24. Av. No. of Leaves Per Plant (M. Gen.) 
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GRAPH - 25. Av. No. of Leaflets Per Plant (M, Gen.) 
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GRAPH-26. Leaf Ratio L/BCM^Gen.) 
3n 
O I 
'a 
1,5 
0.5 
-V-6-BAP 
- • -Caf fe ine 
8 -H .a 
-«-DES 
0.25 
20 
0.50 0.75 1.00 
30 40 50 
Cone, of mutagens 
1.25 
60 
1.50 % 
70 PPM 
134 
ha 
-8 
a 
o I 
GRAPH - 27. Av. No. of Pods Per Plant (M. Gen.) 
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GRAPH - 28. Av. No. of Seeds Per Plant (M. Gen.) 
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GRAPH - 29. Wt Per 100 Seeds (M, Gen.) 
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GRAPH - 30. Pollen Fertility (M, Gen.) 
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EXPLANATION OF FIGURES 
FIGURE PLATE-X. Leaf Characters in mutants in M3 generation. 
Fig 1. Thick, long, obovate leaflets, some leaflets deeply notched 
(40PPM 6-BAP). 
Fig 2. Round, thick and small leaflets (50PPM 6-BAP). 
Fig 3. Seedling showing larger leaflets than control (60PPM 6-BAP). 
Fig 4. Broad leaflets, fused margins of two apical leaflets (Ventral 
view)(60PPM 6-BAP). 
Fig 5. Same seedling showing fused leaflets (in dorsal view) with acute 
apex (60PPM 6-BAP). 
Fig 6. Chlorophyll mutant, xantha type leaves. (0.75% caffeine). 
Fig 7. Small, thick, deshaped , unequal leaflets, depressed apices 
(1.0% caffeine). 
Fig 8 . Healthy plant. Broad leaflets, acute and obtuse apices 
(1.0% caffeine). 
Fig 9. Round, broad leaflets with slightly prominent vein. 
(1.25% caffeine). 
Fig 10. Deep notching at the tip of leaflets, other leaves elongated 
with acute apices. (1.50% caffeine). 
Fig 11. Large leaflets with wavy margin, acute, apices (0.50%) 8-HQ). 
Fig 12. Unequal, small and thin leaflets, notched apices (0.50% 8-HQ). 
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FIGURE PLATE - X :- Leaf characters in Mutants 
(M3 generation). 
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EXPLANATION OF FIGURES 
FIGURE PLATE-XI. Leaf characters in mutants in M3 generation. 
Fig 1. Small, thick and unequal leaflets, apex obtuse (0.50% 8-HQ). 
Fig 2. Unequal and thin leaflets, thick veins ,apex obtuse 
(1.0% 8-HQ). 
Fig 3. Small, deeply notched, unequal leaflets (1.0% 8-HQ). 
Fig 4. Unequal and deshaped leaflet with notching at margin 
(0.50% DBS). 
Fig 5. Stunted growth, condensed, under-developed older leaves and 
slightly improved younger leaves (0.75% DBS). 
Fig 6. Mutant showing stunted growth (4.5cm. ht.) small, condensed 
older leaves, while bigger sparse younger leaves v^th thick leaf 
lets (0.75% DBS). 
Fig 7 . Small, cripled, notched and leathery leaflets (1.0% DBS). 
Fig 8 . Small and thick leaflets, depressed apices.(1.50% DBS). 
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FIGURE PLATE - XI: - Leaf characters in mutants 
in M3 generation. 
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EXPLANATION OF FIGURES 
FIGURE PLATE- XII. Height and yield in mutant plants in 
Mj generation 
Fig 1. Tall and superior plant, high yielding (60 PPM 6-BAP). 
Fig 2. Tall and healthy plant, profiised branching, high yielding (1.0% caffeine) 
Fig 3. Tall plant, increased length of internodes, broad leaflets, high 
yielding (0.50% 8-HQ). 
Fig 4. Tall, profusely branched and high yielding plant (0.50% DBS). 
PLATE - XII:- Mutant plants showing height & Yield (Ms generation). 
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EXPLANATION OF FIGURES 
FIGURE PLATE - XIII. Seeds of control and some mutant plants. 
Fig ]. Dark brown seeds showing normal size, shape and colour (control). 
Fig 2. Seeds showing significant decrease in colour, size & weight as 
compared to control (40PPM 6-BAP). 
Fig 3. Seeds showing variations in colour from light brown to dark 
brown, decrease in size and weight (1.50% caffeine). 
Fig 4. Seeds showing slightly increased size and weight per hundred 
seeds (0.50% 8-HQ). 
Fig 5. Seeds smaller than control and variations in colour from light 
brown to dark brown (0.50% DBS). 
Fig 6. Seeds showing significant decrease in size, weight and varia-
tions m colour (1.50% DES). 
(size as in original) 
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FIGURE PLATE - XIII:- Seeds of control and some 
mutants (Ms generation). 
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DISCUSSION 
The present discussion is mainly based on the effect of 
6-BAP, caffeine, 8-HQ and DES on seed germination, seedling growth, 
morphological variations, pollen fertility, yield as well as variations 
in meiotic chromosomes in Mj,M2 and M^  generations. The probable 
reasons regarding the cytomorphological variations induced by 
mutagens have been discussed. 
5.1. Morphological studies: 
5.1.1. Seed germination: 
Seed germination is an important parameter to estimate the 
effect of mutagens on plants. In present investigation the seed 
germination generally decreased with increasing concentrations of 
mutagens. The minimum (25.33%) germination recorded in caffeine 
(1.50%) had shown its highest inhibitory effects on germination. The 
reduction in germination due to inhibitory effect of chemical mutagens, 
as observed in Viciafaba at present, has also been reported by several 
workers, such as Vandana and Dubey (1988), Ashour and Abdou (1990), 
Kumar et a/.(1993) in Viciafaba; Ansari and Siddiqui (1995) in Ammi 
majus ; Anis and Wani (1997) in Trigonella foenum-graecum ; Mitra 
and Bhowmik (1998) in Nigella saliva and Verma et al. (1999) in Lens 
culinaris etc. 
The reduction in germination may be due to destruction of the 
activity of gibberellic acid, following the radiation treatment. 
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(Sideris et a/., 1971) and metabolic disturbances during germination 
(Ananthaswamy et al., 1971). Griffith and Johnson (1962) and 
Srivastava (1979) considered that reduction in germination percentage 
was due to weakening and disturbances of growth pro cess, regulated in 
early eliminationof seedhngs. Krishna et al. (1984) considered that 
the inhibition of germination may be due to interaction between mutagen 
and the seed cell system. It may also be due to toxicity of mutagens 
followed by mutational changes at genie or chromosomal level, because 
the reduction in germination corresponds with the increasing 
chromosomal aberrations. 
5.1.2. Variations in leaf morphology of seedlings and mature plants: 
Generally the frequency of variations increased with the 
increasing concentrations of mutagens, the maximum being in caffeine 
and minimum in 8-HQ in Mj generation. The variations in the leaf 
morphology of seedlings and mature plants, such as notching, unequal, 
rudimentary, thickening and poor development of leaflets, stunted and 
poorly branched seedlings and mature plants, were commonly observed. 
Similar abnormalities have also been reported by Krishna et a/.(1984) 
in Chi oris gayana Kunth, Murray and Wilson (1991) in Medicago 
truncatula ,Vandana and Dubey (1988), Vandana (1992) and Kumar et 
al. (1993) in Vicia faba. 
Hagen and Gunckel (1958) found that where leaf 
abnormalities occurred there was a concomitant increase in the free 
amino acid contents in these leaves. According to Devreux and 
Mugnozza (1964) the disturbances in metabolic activities due to 
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mutagenic treatments may be one of the important factors responsible 
for such anomalies in plants. The leaf abnormalities may also be due 
to actual mutation processes which are most easily induced in 
leguminous plants (Blixt, 1972) or due to chromosomal alternations 
(Grover and Virk, 1984; Venkateshwarlu et al., 1988). 
5.1.3. Height of mature plants: 
The average height of mature plants had reduced with 
increasing concentrations of all mutagens.The maximum reduction in 
average height was recorded in 70 ppm 6-BAP and overall height 
reduction in all the treatments was also in 6-BAP followed by DES, 
caffeine and 8-HQ. Reduction in growth as seen in Vicia faba has also 
been observed by many workers such as Krishna et a/.(1984) in Rhodes 
grass, Khan et al. (1987) in mung bean, Vandana and Dubey (1988) in 
Vicia faba , Kumar et al. (1993) in faba bean, Ansari and Siddiqui 
(1995) in Ammi majus L. and Verma et al. (1999) in Lens culinaris. 
Several workers have explained the causes of decreasing 
height due to mutagenic treatments. The structural change in the 
constitution of chromosomes (Thoday, 1951) or chromosomal damage 
(Arumugam et al., 1997) may be major factors in growth inhibition. 
On the other hand growth inhibition may arise due to interference of 
mutagens with the cell elongation (Sparrow & Sparrow, 1965) or injury 
caused to the meristematic cells (Ansari and Siddiqui, 1995). Some 
other aspects, such as auxin reduction (Krishna et al., 1984), 
physiological disorder (Gunckel, 1957) or metabolic disturbances 
(Gupta and Suraata, 1967) may also play important role in the reduction 
157 
of height of the treated plants. 
5.1.4. Number of leaves leaflets and leaflet ratio (L/B) : 
Number of leaves, leaflets and leaflet ratio were adversely 
affected by mutagenic treatments in M, generation, whereas in M^ and 
M3 generations their effect had ceased. 
Several workers have documented the similar effects in Vicia 
faba and other plants, such as Vandana and Dubey (1988), Vandana 
(1992) and Kumar et al. (1993) in Vicia faba and Murray and Wilson 
(1991) in Medicago truncatula, . The reduction in the number of leaves, 
leaflets and leaflet ratio may be due to the physiological and 
chromosomal disturbances in growth process, because these characters 
are controlled by protein synthesis regu lated under the direction of 
DNA. The DES has caused maximum adverse effect possibly through 
disturbances in the structure of DNA by four ways (i) being an alkylating 
agent, it might have caused alkylation of phosphate group of nucleic 
acids, (ii) hydrolysis of triester between sugar and phosphate, (iii) 
alkylation of bases and (iv) depurination. 
v^S.l.S. Yield: 
Yield is a very important parameter in mutation breeding, 
because ultimately the plant breeder wants to improve the yield. By 
the effect of increasing doses of 6-BAP, caffeine, 8-HQ and DES, the 
yield generally decreased but in some cases positive mutants had also 
been obtained which were superior in yield. The DES was more 
effective than 8-HQ. The decrease in yield as observed in Vicia faba 
was also reported by Amer and Farah (1976) in Vicia faba by carbamate 
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pesticides, Reddy and Rao (1982) in Capsicum annuum by herbicides, 
Lakshmi et al. (1988) in Capsicum annuum by insectisides, Vandana 
and Dubey (1988) in Viciafaba by EMS and DES, Kumar et al. (1993) 
in Vicia faba by gamma rays & DES and Verma et al. (1999) in Lens 
culinaris by gamma rays. 
The decrease in yield occurred due to induced disturbances in 
meiosis which affected the frequency of normal microspores upto 
greater extent and the megaspores to a lesser extent and hence the fruit 
set was directly affected. Singh and Chowdhiii>'(1972) are also of the 
opinion that various chromosomal abnormalities are related with lower 
pollen fertility and ultimately the seed set. 
5.1.6. Protein content: 
Normal protein content in Viciafaba has been recorded to 
be 23.55% in control plants. Meagre amount of work has been done 
for the induction of variations in the protein content of Viciafaba . At 
present the attempt in this direction resulted in a large number of 
variations in seed protein content in the treated populations. However, 
out of thirty mutants obtained in M3, two showed no seed setting, in 
twelve mutants the protein content decreased as compared to control, 
four mutants showed insignificant increase, whereas twelve mutants 
exhibited significant increase in protein content (Table-42). This 
supports the view that mutations may occur in both the directions. 
Induction of substantial variations in seed protein content 
was also reported from earlier studies (Quednan and Wolff, 1978 in 
Pea; Singh et al., 1983 in chick pea). In present investigation the highest 
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protein content was found in 1.0 % 8-HQ followed by 1.0 % caffeine, 
60 ppm 6-BAP and 0.50 % 8-HQ treatments. Moreover, maximum 
number of plants having higher protein content were obtained from 
caffeine treated populations. Similarly the increase as well as decrease 
in the protein content in some mutants have also been demonstrated by 
Sheikh et al. (1982) in chick pea using gamma rays and Ignacimuthu 
and Babu (1989) in Vigna radiata and Vigna mungo using EMS and 
gamma rays as the mutagens. The variation in protein content of the 
seeds in mutagenized population is due to the fact that such traits are 
highly influenced by the environmental factors (Gottschalk, 1990). 
Similarly according to Singh et al. (1990) the protein production in 
plants is influenced by the interaction of genes and environment. 
5.1.7. Pollen Fertility/Sterility: 
The pollen fertility decreased in the increasing 
concentrations of mutagens with the simultaneous increase in sterility. 
Consequently the yield also decreased simultaneously in these 
concentrations, giving the evidence that pollen fertility had directly 
affected the fruit set. 
Decrease in pollen fertility with increasing concentrations of 
mutagens was also observed by Athma and Reddi (1986) in Ricinus 
communis, Jayabalan and Rao (1987) in Lycopersicon esculentum , 
Vandana and Dubey (1988) in Viciafaba, Laxmi et al. (1988) in chilli, 
Kumar et al. (1993) in Viciafaba, Ansari and Siddiqui (1995) in Ammi 
majus, Arumugam et al. (1997) in barley and Mitra and Bhowmik 
(1998) in Nigella sativa etc. 
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According to Reddi (1977) the pollen sterility was the 
result of interchange of segments between non-homologous 
chromosomes. Reddi and Rao (1982) considered that the presence of 
laggards, stickiness, univalents and micronuclei were closely 
associated with pollen sterility. 
Comparative values of some results of M, have changed 
by passing the mutants upto M3 generation. It might be due to the fact 
that (i) some of the abnormalities in M, were adopted characters and 
recovered in subsequent generations due to ceasing toxic effect of 
mutagen (ii) some characters of M, inherited in M^ were of dominant 
type and remained as such and that, (iii) Some recessive mutants 
appeared in M^  generation. The new characters developed either in M^  
or M3, due to expression of recessive mutant gene, could not be 
expressed in M, but appeared in subsequent generation following the 
segregation. 
5.1.8. Mutagenic effectiveness and efficiency: 
The usefulness of any mutagen in plant breeding depends 
not only on its effectiveness but also upon its efficiency. In present 
experiment the mutagenic effectiveness and efficiency generally 
decreased, with few exceptional variations in intermediary doses, as 
the concentrations of mutagens increased. Similar results were also 
noted by Khan and Hashmi (1979) in Phaseolus aureus and Reddi and 
Suneetha (1992) in rice, which provided the evidence that effectiveness 
and efficiency did not necessarily increase linearly with the increasing 
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doses, rather every dose had its own effectiveness and efficiency, 
independent of the other lower and higher doses. 
5.2. Meiotic abnormalities: 
Meiotic study is very important in mutation breeding 
experiment. The mutagens which cause morphological and cytological 
abnormalities generally act on DNA structure, which ultimately causes 
different types of meiotic irregularities, such as reduction in chiasmata 
frequency, multivalent formation, univalents, fragments, precocious 
separation, unsynchronized movement of chromosomes, laggards, 
bridges, unequal separation etc. Generally the meiotic abnormalities 
increase with increasing doses of chemical mutagens. So by the meiotic 
studies we can observe the potentiality of mutagens. In the present 
experiment the meiotic abnormalities were higher in Mj generation but 
gradually decreased in subsequent generations due to ceasing toxic 
effect of mutagens as well as DNA repair mechanism. 
5.2.1. Chiasmata frequency: 
The formation of chiasmata, a genetically controlled 
character, exhibits the pairing of homologous chromosomes at meiosis 
and controls the degree of recombination. In Vicia faba the chiasmata 
were generally more than two at diakinesis and early metaphase I stages 
and terminated very late at metaphase I. By the treatment of mutagens 
there was considerable decrease in chiasmata frequency at prophase 
I and metaphase I stages in treated populations as compared to 
control.The decrease in the frequency denotes the induced heterology 
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due to induced damage or changed loci of genes or intra-genic or inter-
genic disturbances following the mutagenic treatments. 
Decrease in chiasmata frequency was relatively less in M^ and 
M3 generations,indicating that some sort of recovery mechanisms must 
have been operating in the intervening period. Although the frequency 
of chiasmata at metaphase I was comparatively lower than that at 
prophase I, there was no significant difference in their frequencies 
between the two phases. However, maximum reduction in chiasmata 
frequency at prophase I and metaphase I was noticed in 70ppm 6-BAP. 
Reduction in chiasmata frequency as seen in Vicia faba have 
also been observed by Sree Ramulu (1971) in Sorghum; Sinha and 
Roy (1976) in Phaseolus; Singh et al. (1977) in pearl millet; Lai and 
Srinivasachar (1979) in Pennisetum typhoides; Zeerak (1992) in 
Lycopersicon esculentum and Afaq et al. (1998) in Vicia faba. 
According to Lawrence (1961) the decrease in chiasmata 
frequency following mutagenic treatments might possibly occur at two 
stages : (i) during DMA synthesis, and (ii) sensitive period at/ or slightly 
before the stage of chiasmata formation. In the former case the decrease 
in frequency of chiasmata may be due to disturbances in chromosome 
coiling, restricted pairing at pachytene and the delay in DNA synthesis, 
while in the latter, it may be affecting the process leading to chiasmata 
formation. According to Al-Allaf and Godward (1979) cryptic 
structural changes such as minute deletions or small inversions in some 
of the chromosomes in embryonic initials or the initials which had 
survived the elimination process to take part in the formation of the 
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inflorescence, might be responsible for the failure of these segments 
to form chiasmata and hence reduce the frequency. Sudhanandan and 
Subhash (1984) attributed it to the nature and potency of mutagens 
and also the underlying factors, such as complex structural changes or 
changes in the nature of gene, responsible for reduced chiasmata 
formation. 
5.2.2. Multivalents: 
The frequency of multivalents was not very high in treated 
populations at prophase I and metaphase I. However, it was dose 
dependent, but did not occur in all the concentrations. Random 
occurrence of multivalent showed that not all, but few particular doses 
of mutagens were more effective, for instance, 70 ppm 6-BAP, 1.0% 
caffeine, 0.75 & 1.0% 8-HQ, 1.25 & 1.50% DES. The absence of 
multivalents in some higher doses of 8-HQ and caffeine also supports 
the above view. 
Multivalent formation by the treatment of some chemicals/ 
mutagens were also reported by Kaur and Grover (1985) in barley by 
organo phosphorous pesticides. Dixit and Dubey (1986) in Lens 
culinaris by alkylating agents, Reddy and Annadurai (1992) in Lens 
culinaris by gamma rays,EMS and sodium azide, Zeerak (1992) in 
Lycopersicon esculentum by gamma rays and EMS, Ahmad (1993) in 
Cicer arietinum L.by gamma rays, Vandana et al. (1996) in Viciafaba 
by EMS and DES, Afaq et al. (1998) in Vicia faba by 6-BAP and 
Singh et aL (1991) in Vigna radiata by EMS, gamma rays and 
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epichlorohydrin. 
Lea (1955) and Srivastava (1979) are of the view that the broken 
ends of chromosomes when fused at random may bring about unequal 
changes making up the multivalents. According to Shastry and 
Ramiah(1961) the mutivalent formation may be due to the breakage in 
chromosomes and their reunion through reciprocal translocations. 
Zeerak (1992) and Vandana et al. (1996) observed them due to irregular 
pair breakage followed by translocation and inversion. 
5.2.2. Univalents: 
The univalents in present experiment were very rare. At 
prophase 1 they could not be traced in any mutagen, but they occurred 
insignificantly at metaphase 1 in caffeine and DES in Mj generation 
only. The univalents by the mutagenic treatment were also reported by 
Krishnaswamy and Meenakshi (1957) in Solarium, Bozzini and Maitini 
(1971) in wheat, Sree Ramulu (1971) in Sorghum, Kalloo (1972) in 
Pisum, Rao et al. (1990) in pearl millet, Zeerak (1992) in Lycopersicon, 
Ahmad (1993) in Cicer, Khare (1994) in Adiantum, Anis and Wani 
(1997) in Trigonella and Singh et al. (1999) in Vigna radiata etc. 
The univalents might have been formed through cryptic 
structural changes, induced heterology in some of the homologous 
chromosomes or as a result of desynapsis. According to Zeerak (1992) 
the mutagen induced structural changes in chromosomes and gene 
mutations might be responsible for the failure of pairing among 
homologus chromosomes and hence the presence of univalents. 
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5.2.4. Fragments: 
The frequency of fragments increased in higher 
concentrations of mutagens at prophase I & II and metaphase I & II 
stages. The frequency at prophase I was higher than prophase II and 
that at metaphase I was higher than metaphase II, in M, generation. In 
subsequent generations the frequency was lower. The random 
occurrence of fragments support the view that some specific doses of 
mutagens are effective in inducing fragmentation in the chromosomes. 
Presence of fragments was also reported by Reddi and 
Reddi (1985), Prakash et al.{\9n), Venkateshwarlu et al. (1988), Anis 
and Wani (1997), Afaq et al. (1998) and Singh et al. (1999) in different 
plants. 
According to Lewis and John (1966), the irregular crossing 
over results in the formation of bridges and fragments. Whereas, Mathew 
and Kuriachan (1989) proposed that bridges and fragments arise as a 
result of spontaneous breakage. Carlson (1938) proposed that acentric 
fragments accumulated from breakage or from paracentric inversion. 
The above view is also supported by the author, because at present 
the fragments occurred with or without bridges. 
5.2.5. Stickiness: 
Stickiness among the chromosomes was present at 
prophase I, II and metaphase I, II stages in Mj,M2 and Mj generations, 
but the frequency was lower in subsequent generations. Although the 
frequency increased with increasing doses of all the mutagens, it could 
not be traced in some of the intermediary doses. However, the stickiness 
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was higher at prophase I and metaphase I than their II stages 
respectively and that it occurred very rarely at anaphase I and II stages 
in Mj generation. Moreover, in subsequent generations it could not be 
traced at anaphase I or II stage. 
Stickiness among meiotic chromosomes was also reported 
by many workers, such as, Al-Najjar and Sohman (1982) in Wheat, 
Reddy and Rao (1982) and Lakshmi et al .(1988) in chilli, Shehab et 
a/.(1984) and Amer and Farah (1987) in Viciafaba, Ragab and Rahem 
(1989) in Zea mays, Zeerak (1992) in tomato, Ahmed (1993) in Cicer 
Vandana (1993) in faba bean, Anis and Wani (1997) in fenugreek, 
Afaq et al. (1998) in faba bean and Verma et al. (1999) in Lens 
culinaris. 
Evans (1962) suggested the stickiness to be due to aberrant 
nucleic acid synthesis and partial dissociation of nucleoproteins. Mc 
Gill et al. (1974) and Klasterska et al. (1976) suggested that stickiness 
arise due to improper folding of chromosome fibres. It could also be 
the result of partial dissociation and altered pattern of organisation of 
nucleoproteins (Evans, 1962; Shaikh and Godward, 1972; Katiyar, 1978 
and Myers et al., 1992). Rao and Laxmi (1980) reported that stickiness 
can be caused due to the disturbances of cytochemically balanced 
reactions by the effect of alkylating agents. According to Gaulden 
(1987) the stickiness may result from defective functioning of one or 
two types of specific non-histone proteins involved in chromosome 
organization, chromatid separation and segregation. The altered 
functioning of these proteins leading to stickiness is caused by 
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mutations in structural genes coding for them or by the direct action of 
mutagens. 
5.2.6. Seven pairs of chromosomes: 
In different strains of Vicia faba n = 6 and 7 have been 
reported (Darlington & Wylie 1955). At present generally six bivalents 
(2n = 12, n = 6) and rarely 7th pair of chromosomes (n = 7) were 
recorded. It might be due to aneuploidy, particularly tetrasomy (2n + 
2), evolved by two methods: (i) there may be a union of gametes, of 
which one contains an unbalanced number of chromosomes, and (ii) it 
may arise by the perpetuation of a cell in which through a failure of 
mitotic anaphase, one or more chromosomes are added or lost. 
However, in Vicia faba it seems that a complete bivalent has been 
added resulting in one extra pair of chromosome. 
5.2.7. Inversion ring: 
The inversion rings were observed in 70 ppm 6-BAP at 
diakinesis and 0.25% caffeine at metaphase I stages in very low 
frequency in Mj generation, but in subsequent generations no inversion 
ring could be seen. These were also reported by Gupta and Roy (1985) 
in Physalis. Breaking effect of caffeine on plant chromosome was 
reported by Friedlos & Roberts (1978) who explained with the help of 
model that caffeine causes chromosomal breakage, followed with the 
reunion of broken segment in inverted condition. Similar effect may 
also be expected from 6-BAP. 
According to Singh et al. (1999) the mutagens first broke 
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the chromosomes and then the broken ends could either remain unjoined 
to form terminal deletions or could reunite in a variety of ways to 
form the multitude of possible aberrations, such as inversion. 
5.2.8. Precocious separation: 
Precocious separation of chromosomes was found at 
metaphase 1 and 11 stages very frequently and the frequency was 
maximum in caffeine and 8-HQ at these stages respectively. Although 
the frequency of precocious separation increased with increasing doses 
but it was not necessarily positively correlated, as in some intermediary 
doses they were absent. The occurrence was rather random, showing 
that not all but few particular doses were more effective. Similar reports 
are available by the work of Dixit and Dubey (1986) in Lens culinaris, 
Amer and Farah (1987) in Viciafaba, Das and Roy (1989) in Solanum, 
Anis and Wani (1997) in Trigonella and Afaq et al. (1998) in Vicia 
fab a. 
The precocious separation of chromosomes might have 
resulted due to the disturbed homology for chromosome pairing or 
disturbed spindle mechanism. Also according to Amer and Ali (1974) 
this chromosomal behaviour is due to irregular spreading of 
chromosomes which may be attributed to the disturbance in spindle 
apparatus. Bose and Saha (1970) reported that the univalents separating 
precociously seemed to be as a result of desynapsis. 
5.2.9. Unsynchronized separation: 
Unsynchronized separation of chromosomes had generally 
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been found at anaphase I and II, but in rare cases they could be seen at 
metaphase II in M, generation. The maximum frequency in DES, 
although not very high, was followed by caffeine and 6-BAP. The 
frequency at anaphase I was higher than at metaphase II and anaphase 
II stages. In M^  generation the frequency was comparatively lower and 
moreover, negligible in M3. Unsynchron ized separation was also seen 
by Gupta and Roy (1985) in Physalis, Venkateshwarlu et al. (1988) in 
Catharanthus roseus, Vandana et al. (1996) in Vicia faba, Anis and 
Wani (1997) in Trigonella and Afaq et al. (1998) in Vicia faba. It 
might have occurred due to the disturbed spindle mechanism. According 
to Tarar and Dnyansagar (1980) the unsynchron ized movement might 
be due to discrepancies in spindle formation. 
5.2.10. Bridges: 
The frequency of bridges generally increased with 
increasing concentrations of mutagens, but in some cases the increase 
or decrease was random. The frequency at anaphase I was generally 
equal to or slightly higher than anaphase II, but in few exceptional 
cases the frequency was higher at anaphase II. It may be due to sister 
chromatid exchange followed by delayed or failure of their separation 
at later stages. This might have lead to abnormal microspores also. 
However, frequency of bridges decreased gradually in M^ and M3 
generations. 
Bridge formation was also observed by Reddi and Reddi 
(1985) in rice, Kaur and Grover (1985) in barley, Dixit and Dubey 
(1986) in Lentil; Jayabalan and Rao (1987) in tomato, Lakshmi et al. 
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(1988) in chilli, Singh and Khanna (1988) in wheat, Das and Roy (1989) 
in Solarium, Ahmad (1993) in Cicer, Vandana (1993) and Vandana et 
al. (1996) in Vicia faba Anis and Wani (1997) in Trigonella and Afaq 
et al. (1998) in Vicia faba. 
Bridges can also be attributed to the general stickiness of 
chromosomes at metaphase or breakage and reunion of chromosomes 
(Amer and Ali, 1974; Kaur and Grover, 1985; Ahmad and Yasmin, 
1992). Singh and Khanna (1988) considered that anaphase bridges may 
be formed due to unequal exchange or dicentric chromosomes. The 
occurrence of breaks at the same locus and their lateral fusion leads 
to the formation of dicentric chromosomes, which are pulled equally 
to both the poles at anaphase and a bridge is formed. Thomas (1961) 
found that in some cells interstitial chiasmata in the translocated 
chromosomes failed to complete terminalization and during anaphase 
this resulted in a bridge. According to Bose and Saha (1970) a single 
bridge without fragment could result from the failure of division of 
end genes brought about by nucleic acid upset. 
5.2.11. Laggards: 
The frequency of laggards generally increased with 
increasing concentrations of mutagens, but with slight fluctuations in 
some intermediary doses. In subsequent generations the frequency 
decreased but the trend remained the same. Similar conditions have 
been reported by many workers, such as: Reddi and Reddi (1985) in 
rice by the methyl methane sulphonate (MMS), dimethyl sulphate 
(DMS), dichloroethyl methane sulphonate (DEMS) and diethyl sulphate 
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(DES);Kaur and Grover (1985) in barley by pesticides; Dutta and 
Biswas (1985) in Nigella by x-rays and EMS; Jayabalan and Rao (1987) 
in Lycopersicon by gamma rays; Zeerak (1992) in Lycopersicon by 
gamma rays and EMS; Anis and Wani (1997) in 7>/go«e//a by caffeine; 
Afaq et al. (1998) in Vicia faba by 6-BAP and Singh et al. (1999) in 
Vigna radiata by ganmia rays, EMS and Epichlorhydrin (ECH). 
Delayed terminalization and/or failure of chromosomal 
movement, following spindle fiber descrepancies have lead to laggard 
chromosomes in Vicia faba. Lawley and Brookes (1963) and Soheir 
(1989) are also in favour of above reasons. Magoon et al. (1958) also 
support the above view but they specified that this could be due to 
change in homology of the paired chromosomes. Tarar and Dnyansagar 
(1980) and Das and Roy (1989) are also of the opinion that due to the 
effect of mutagens the spindle fibres failed to carry the respective 
chromosome to the polar regions and resultantly the lagging 
chromosomes appeared at anaphase 1. 
5.2.12. Unequal separation: 
The unequal separation of chromosomes occurred in very 
low frequencies at anaphase I & II and telophase 1 & II stages. The 
pattern 7+5 was more common than 8+4 or other combinations. The 
frequency was maximum in Mj generation followed by M2 and M3 
generations. Moreover, in M3 they occurred rarely in all mutagens. 
Unequal separation of chromosomes as seen in Vicia faba were also 
reported by Ammini (1968) in Rhoeo discolor, Bose and Saha (1970) 
in tomato, Anis and Wani (1997) in Trigonella and Afaq et al. (1998) 
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in Vicia faba by different chemicals.Non orientation of one or two 
bivalents speaks of the failure of spindle mechanism and in turn these 
descrepancies may account for unequal distribution of chromosomes 
observed at anaphase I. According to Gupta and Roy (1985) non-oriented 
unequal groups of chromosomes result from non-disjunction and 
irregular segregation. 
5.2.13. Micronuclei: 
Micronuclei could be traced at telophase II stage more 
frequently than at telophase I. Their frequency although increased in 
increasing doses but they could not be traced in all doses, showing 
that their occurrence was random. Moreover, in M^  and M^  generations 
the frequency of micronuclei decreased. Similar results have also been 
reported by Reddi and Reddi (1985) in rice, Sadanandan and Subhash 
(1985) in Cap^/cwm,Dixit and Dubey (1986) in Lens culinaris, Amer 
and Farah (1987) in Vicia faba, Jayabalan and Rao (1987) in 
Lycopersicon esculentum, Lakshmi et aJ. (1988") in Capsicum annuum, 
Ignacimuthu and Babu (1989) in urd & mung bean and Afaq et al. 
(1998) in Vicia faba. Due to the failure of spindle formation following 
mutagenic effect, the chromosomes had been disoriented which in the 
later stage formed micronuclei. According to Liang et al. (1967) and 
Amer and Ali (1974) the laggards of anaphase I and II may form 
micronuclei at telophase II stage. The micronuclei have contributed in 
lowering down the pollen fertility, because the microspores from which 
chromosome is missing will certainly be sterile. 
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CONCLUSION: 
It has been concluded that the cytomorphological 
variations observed in the present experiment may be due to the 
physiological, biochemical, metabolic and genie disturbances induced 
by the action of chemical mutagens, along with their interactions with 
environment. But selfing each variant in M, followed by selection and 
selfing in M^ and M3 generations eliminates upto maximum extent, the 
possibility and over lapping role of other factors and concentrates to 
stable genetic changes in the mutants obtained. 
A specific type of morphological abnormality(ies) have been 
induced by each mutagen such as, the maximum reduction in height in 
6-BAP treatment, maximum reduction in germination and induction of 
variations in caffeine treatments, maximum adverse effect on yield 
and pollen fertility in 8-HQ and on number of leaves as well as leaflets 
in DES treatments. In addition, large number of variations have also 
been induced in M, generation out of which some were proved to be 
true mutants in M3 generation. 
At cytological level 6-BAP has induced maximum reduction in 
chiasmata frequency and increased the frequency of multivalents, 7 
pairs of chromosomes and stickiness, while caffeine has induced 
maximum frequency of univalents, precocious separation and unequal 
division. Fragments, unsynchronized movement of chromosomes, 
bridges and laggards have been found to be maximum in DES, whereas 
the highest number of micronuclei have been recorded in caffeine and 
8-HQ.The number of mutants in M^  were the highest in caffeine followed 
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by 8-HQ, DES and 6-BAP. Moreover, most of the useful mutants 
(superior to control) have been isolated from caffeine treatments. 
The induced cytomorphological variations in the present 
investigation have provided greater chances of selection for different 
desirable characters in Vicia faba. 
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SUMMARY 
The effect of 6-benzyl aminopurine, caffeine, 8-hydroxy 
quinoline and diethyl sulphate has been studied on seed germination, 
sedling growth and morphology, plant growth and morphology, number 
of leaves and leaflets, behaviour of meiotic chromosomes, pollen 
fertility and yield in Vicia faba, in M^, M^ and M3 generations. The 
objective of study was to explore the possibility of inducing genetic 
variability for quantitative as well as qualitative characters. The work 
and the findings have been summarized below. 
(1) The seeds were treated with 20, 30, 40, 50, 60, 70 ppm 6-BAP 
and 0.25, 0.50, 0.75, 1.0,1.25 and 1.50% concentrations of 
caffeine, 8-HQ and DES chemical mutagens. Increasing 
concentrations of chemical mutagens generally induced a linear 
decrease in seed germination. Minimum germination (25.33%) was 
noted m (1.50% ) caffeine, followed by 6-BAP, DES and 8-HQ in 
Mj generation. Similar trends were observed in M2 and M, 
generations, but the germination percentages in their respective 
doses were higher than those in M^  generation. 
Different types of morphological abnormalities were 
observed in seedlings as well as mature plants, such as, unequal, 
notched, thick, leathery, deshaped and fused leaflets; dwarf and 
rudimentary seedlings in M, generation. These abnormalities 
occurred in varying frequencies in all the mutagens. Similar 
abnormalities were observed in M2 and M3 generations also, but 
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their frequencies were lower than M, showing a considerable degree 
of recovery.The highest frequency of variations was found in 
caffeine followed by DES, 6-BAP and 8-HQ. The mutants in M^ 
were selected on the basis of selfing the variants of M, and their 
recurrence in M2. 
(2) Average number of leaves and leaflets per plant and leaflet ratio 
(L/B) decreased as the concentrations of mutagens increased. 
Maximum reduction in the number of leaves and leaflets per plant 
was found in DES in M, generation. Leaflet ratio was found to be 
a dose independent character since it did not follow any increasing 
or decreasing pattern. The number of leaves and leaflets although 
increased in M^ and M3 generations, as compared to their 
respective doses in M ,^ but was still lower than control. Moreover, 
some mutants showed superiority over control regarding height, 
number of leaves* number of leaflets. 
(3) Average height of mature plants reduced with increasing 
concentrations of chemical mutagens. Maximum decrease in height 
was found in 6-BAP followed by DES, caffeine and 8-HQ in Mj 
generation. The height generally decreased in M^ and M3 
generations also, as compared to control. Moreover, some mutants 
obtained as a result of segregation in M^  and M^ generations were 
better than control. 
(4) Generally the average yield (No. of pods/ plant, No.of seeds/ 
plant, wt. per 100-seeds) and pollen fertility was found to decrease 
with increasing concentrations of mutagens in Mj generation. The 
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maximum adversely affected yield and pollen fertility was found 
in 8-HQ followed by DES, 6-BAP and caffeine. Although the yield 
increased in M^ and M3 in many doses as compared to Mj, but on 
an average still lower than control. Moreover, some selected 
mutants in M^ and M3 showed the yield higher than control 
plants. The seed protein content in M3 generation was found to be 
dose independent. However, in some mutants it was higher than 
that in control seeds. 
(5) The mutagenic effectiveness calculated in M^  was higher in lower 
doses but decreased in higher doses. The order of effectiveness 
of mutagens was 6-BAP >DES> Caffeine>8-HQ. The mutagenic 
efficiency worked out on the basis of germination inhibition (MP/I) 
and pollen sterility (MP/S) in M^ also showed a random or 
decreasing trend in the increasing concentrations of mutagens. The 
order of efficiency with regards to germination (Mp/I) was 8-HQ> 
6-BAP>DES > Caffeine, whereas with regard to pollen sterility it 
was just reverse i.e- Caffeine > DES > 6-BAP>8-HQ. 
(6) The effect of mutagens on meiotic chromosomes was studied in 
detail. The chiasmata frequency per cell and per bivalent generally 
decreased with increasing concentrations of mutagens at diakinesis 
and metaphase I giving the evidence of induceaheterology following 
the point mutations or other disturbances at genie level. Maximum 
adverse effect on chiasmata frequency was observed in 6-BAP 
treatment in M,. Same trend was followed in M2 and M3 generations, 
but with considerable recovery in the chiasmata frequencies. 
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(7) The frequencies of multivalents, fragments and stickiness showing 
cells, at prophase I and metaphase I stages, increased generally in 
higher concentrations of mutagens. These abnormalities were also 
found in M2 and M3 generations but their frequencies were lower 
than those in M, generation. 
(8) Seven pairs of chromosomes at diakinesis were found in very low 
frequency in M,, M2 and M, generations. 
The frequency of univalents and precocious separation of 
chromosomes at metaphase I was very low and their occurrence 
was random in Mj. Univalents were absent in M^  and M^ generations. 
Although precocious separation persisted in M^  and M^  generations 
but their frequency was lower than that in Mj generation. 
(9) Bridges and laggards were frequently observed at anaphase I in 
Mj, M2 and M^  generations. They increased with increasing doses 
in Mj, but their frequencies in subsequent generations were 
comparatively lower.Unsynchronized and unequal separation of 
chromosomes were seen in very low frequency and did not follow 
any regular pattern, rather they were independent of doses. 
Micronuclei were rarely seen in M,, M^  and M3 generations. 
(10) At meiotic II stages the chromosomal abnormalities were: the 
fragments and stickiness at prophase U; fragment, stickiness, 
precocious separation and unsynchronized movement of 
chromosomes at metaphase II; bridges, laggards, unequal 
separation and unsynchronized separation of chromosomes at 
anaphase II; laggards, unequal division and micronuclei at telophase 11. 
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Moreover, the frequency of bridges and laggards at anaphase II 
was quite higher in comparison to other abnormalities recorded at 
meiotic second stages. These abnormalities were either absent or 
rare in control but increased considerably in treated populations 
of M, generation. These did not follow any regular decreasing or 
increasing trend in the increasing doses. Moreover, these were 
absent in some doses. In M^  and M3 generations the abnormalities 
further decreased. 
(11) The positive and negative mutants have been isolated in M^ and 
maintained in M3 generation. These mutants are tall or dwarf, 
some show leaf abnormalities, profuse branching, superior or 
inferior yield etc. The seed protein content estimated in M^  
generation, was found to be higher in some mutants while in others 
it was lower than control showing the variations in both negative 
and positive directions. 
It has been concluded that the induced cytomorphological 
variations, following mutagenic treatments in Vicia faba, provided 
chances for the selection of significant number of characters, some of 
which were certainly superior to control populations. Thus 
mutation breeding is an important tool which can induce tremendous 
variations in the plants in limited time and efforts. 
w)w^ 
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